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ABSTRACT 


The simulation presented here attempts to provide a testing device 
to be used in evaluating repairable inventory decision rules. The com- 
plexity of the repairable inventory problem prevents mathematical analy- 
sis, and trial-and-error solutions are too costly and time-consuming: 


hence the systems simulation approach. 
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CHAPTER I 
INTRODUCTION 


Inventory management is a topic of considerabie and wide-spread 
interest. Broadly speaking, the inventory manacement problem is one of 
maintaining, for a given financial investment, ar adequata supply of some- 
thing in order to meet ar expected distribution or pattern of demand. in 
auswering the basic question of how much to order and when to order it, 
inventory managers are faced with many pressures and conflicting criteria 
presernicd by outside oeisons having varied interesis ip thc inventory man- 
agement erctiuas. For instance, the accevnting department will want to 
maxe Sure that the inventory is carried and procurea al the !east cost, 
۰۰۰۰۰171600 Gecariment, oO the orie nand, wii insisi ihal enough 
Material oe procured so that they wiit never run short when meeting ä 
Peeeuciiomcchcdule, To sumnarize, then, Lhe mventcry managere told, 


Meat ce cut of, bee don't be oversisckea wie material, * 


Ti che inventory manager were certain of *ne demara to be expected 
ana iss cmact arrival pattern, and if ne knew exactly when material would 
cte dolivercd from procureinsnt, the solution te the inventory management 
problem would be an analytical one and could ea3iiv be solved, allowing 
performance to be judged with certainty. This in not the case, nowever, 
as demand is randc:i and procucement delivery i:vies and material delivery 
schedules are subiect to variations, It becomes اہج دج تح و‎ inerelore, tnat 
the inventory management problem under uncertain conditions is one of 


£ 


minimizing cost while maintaining a desired levoi of eifectiveness, Ir 





order to overcome the oroblems of uncertainty, many people have been 
working on new procedures for forecasting demand, determining inventory 
levels, and computing economical order quantities by taking into account 
such factors as risk, holding cost, interest rates and shortage costs, The 
inventory problem has become very compiex and sophisticated, and does 

not readily lend itself to an &ánalytical solulion. Systems simulation has 
become a very useiu) tocı in this class of problems, wherein operating rules, 
policies, procedures sid ather elements that control inventory are influ- 


> 3 
' 


enced by unceriainty in cermands, lead times, costs, and other elements 


i 
affecting inventory Jevois.” Ey the use of simulation we are alloweci tc 


study the inventory svstem as a function of time. 


۲۰۰٠٢ Proklei:: 


سے ام ےے ee eee‏ 


inventory management problems cia be classified into many vcte- 


gories, but the inost gencral division i between consumable and ٦٣ 


- 


able jitem manc ementi, A consumable iie is an item the usefulness o£ 


which is comp sitiv e*xpenaed subseaàvenm to its initial issue, and which 


< 
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will never be zapar: œ pelna rai 2a. A repairable, on the other haus, 
is an item that, because Of a niah cost, complexity, or other considera- 


central point for repair end subsequent re- 


(9 


πας οσα Tom xe ο 
issue, Witn the reco advances in technology and the new modular or 
"Black Box" rypcs of systems, the number of items worthy of repairable- 
item management has increased rapidly. It has been recognized for many 
years that large items such as airplane engines should be managed as 


ο ποσα bun wis r anized that many items of lesser cost and 


O 
por 
ry 
O 
Q 
Ko] 





size can be effectively managed as repairables, with significant savings 

to the overall inventory costs. The major changes in the items and their 
environment are the complexity and high cost of the items. When a com- 
plex item now fails, the level of competence of personnel and the sophis- 
ticated test equinment required for repair preclude repair in the field. This, 
coupled with the high procurement costs when the items are manaced a 


consuinables, dictates the need to examine the overall costs and the pos- 


ὦ 


sibility cof returning the itens for repair and reissue. Tne fellowiny 15 a 
) Y 


` سسس سس‎ A _ . η 


Peet Ot repair parts that migit be Considered to fall. in this categery. 
I, Etecironic tocule - used in the memory circuits ci a lerge 


2, Magnetic Memory Drum - used in the fire contro! svstem of 








i, FPuerCelt or ۰۰٠۰٦ ۳۰۰۲۰۲۰۰" verte: “er 78+٢٦ 


5. Power Recovery Turbine - used in proreller- von aicratt, 


ος ciowmete:;s - used in the various refineries ol an o1l company. 


م س — 





7. Test Eguiomeni - used almost anywher.; reauires verv senniiive 
realignment. 


The above items nave several tnings in common, such es high cost, s,pe- 


ec 


cia and a high level of technical understanaiag 


a‏ مہ 


tools needed for rerair, 
recuired in ihe echo rewair and rehabilitation of the part. 6+٣٢٦ 
that, because oi the high cost of maintaining skilled technicians together 


with the highly sophisticated test equioment, field repair is not practical, 


and that censtral reosir 2* these paris would in fact be economical. 


` 





As was previously mentioned, the inventory management problem 


is surrounded by uncertainty. It would be useful here to mention the 


major sources oí uncertainty in consumable item-management. 


is within 


Variability of delivery schedules to Subsupply pcin 


l. Variability of demand. 


2 Variability of procurement delivery schedules. 


the totai supply system. 


T 


Wnen considering the repairable item-manaozeiaeiit 


uncertainties surrounding the consumable item are present; but in addition, 


When a now 


the following must be considered. 


i. Variability of an item being returned for repair. 


tem is issued, the item it is to replace couia nave faliet in 


cassibiiity of logs also exists. Thereicre, not all issues with 


suon 2 manner as io make it obviously incapa 


- 


generate an item that will return to await possible invauction 


٠ . 
οι η η 


E us : R ` ç A e'i t 
(oie οπου ο 


into repair (carcass return rate), 
ہے‎ Variomiity ol am item inducted into revanh ٦ 


ہے 


Wher an item is in the actual repair facitity. 


the cost of repair will exceed the limitation place: hy tne in- 


A‏ ا 
ιτ απο 70 wal! αν.‏ 


ےا - 


venicry manager. In this case, the inventoiv 


notified end the item Giscardedmearcde 2-6) Iva tac). 


3. Varighititw of aciual repair completion tiie, 


4. Variabitily of shioniont Lime: 


a) From failure pcint to Main Supoly point for subsequent 


repair. 





b) From Main Supply to Repair Facility. 


c) From Repair Facility to Main Supply. 


It can be seen from the above that the primary difference between the con- 
sumable-and repairable-item management problem is that in consumable 
management, all assets that are to be issued must come from procurement. 
However, in the repairable problem, procurement is a combination of ob- 


taining unused assets and regenerating previounsly-used assets, The 


inventory problem fcr the consumable reduces to: 


l. Prediction of how much will be demanded. 
ae  Decisicm-asatoihow nme το DU 


3. Decisinn as to when to buy. 


Fou tre repairable, the above are included, bu: further answers are needed 


,ای 


to the following pro»iems: 


= 


>, Prediction as to how much cen be regenerated. 
e. Decision as lo how much: io repair. 


3. Decision as to when to repair. 


When determining wnether an item should be managed as a repair- 
able, one must consider the extra costs associated with the repair program 
vs. ine savings in new procurement costs fer a given measure of performance. 
It is obvious that less material will be procured, thus producing savings. 


4 


"^ LES AU nk " ” `. - L D a -- - Aa 
Transp ¡ALO PICOS iS fOr LIS Dose 


be 


ple induction and return or material to 

and from repair, plus actual repair costs, offsei tre procurement savings. 
Therefore a balance must be obtained and guid lines established so that 
the repairing activity will know the iimitation on reoair costs. This limi- 


tation is normaliy expressed as a percontage of ino cost of a new item, 





The Scope and Method of Simulation System 


Many authors use different terminology in defining systems and 
models. The simulation to be developed in this thesis can be classified 
and described most simply in general terms by using the scheme described 
by Mssrs, McMillan and Gonzalez in their book "Systems Analysis, A 


Computer Approach to Decision Models. n3 


a u a u y 


1, Natural or Man-made. The simulaticn of a supply network 
is considered to be man-made, even though the environment 
in which it operates will contain natural systems. 

2. Open or Closed. The use of the model developed here will be 
to test the internal decision rules, and the results will represent 
their effect: therefore, the system will be considered closed. 

3. Adaptive or not. The present model will be adaptive, as it will 
adjust demand forecasts based on actually experienced demand. 

4. Stable or Unstable. The very nature of the uncertainty of de- 
mands, times, ana regeneration make the period uncertain, but 
over long periods of time the system stabilizes and the values 
stay within acceptabie limits. 

5. Steady-State, Transient or Exnioding. The developed model 
will change values with time, but the results ~- such as 
average costs per period and effectiveness -- will approach 


steady state as the number of periocs increases witncut bounds, 


Models are classified in part by the nature or physical form of the 


model. In this sense, three basic types of models are the physical, 





schematic and mathematical. A physical model is, for example, an ana- 
log computer simulating a hydraulic system or an oil refinery. A schematic 
model could be a pictorial representation of a system; an example would 
be the flow charts that were constructed when preparing the simulation in 
this thesis. A mathematical model consists of a set of equations whose 
solution explains or predicis changes in the state of the system. The 
mathematical model used in the simuiation will be the decision rules for 
repairable parts that were recent!v uzed at the Ships Parts Control Center, 


Mechanicsburg, Pennsyivania. 


Models are further classified as to whether they are nrobsbiti 
deterministic. The previously mentioned inventory system is to a qreat 
extent dependent on effects thar are random; hence the simulation wiil 


definitely be ciaszifiec às probabilistic. 


After the decision rules tor vereuadle parts have been readyustead to a 
mathematical inndel, it is necesssrv is cevelop a method for anainyvacts 
the effects wuen anid if the model is employed to stuay policy. The inter- 
actions between the many rules that constitute repairabie-item managemeni 
are so complcx thai without a Simulation of the system, it is alniost im- 
possible to determine whet tne overall effect will pe of any ruie or charos 
in a rule, A simulation makes il possible first to study alternatives 10 


select the best methcs for a partizula: situation, and then to demonstrate 


that the model dces cope satisfactorily with all conceivable continnencies, 


A simulation is here defined as a dynamic representation of the arias 
environment. As the calculations for a probabilistic simulation are verv 


time-consuming, it is mandatory that a computer be used. The use oí a 





computer allows one to trace the time paths of the variables and generate 


Statistics for later analysis. 


Figure 1 is a generalized schematic of the system simulation. It 
should be noted that the operator or executive control is outside the nor- 


mal running loop, so the system is said to be closec, 


قب 


The model will be run for enough trials that .. at the end 
of tne simulation will closely approach the statistical! expectation if the 
set of decision rules ana nrecedures depicted by the sitaulation were ac-- 
tually put in use. A simple enalogy might be the flipring of a ccin, After 
ten trials it would Le very possible to have 3 heads and 2 tails; yet ií 
the coin were flipned 100 times tke nur:per of heads would approach the 
Known expectation 23 6 vercent heacs. Cearıtion must be exercised, 
because the moazj cor simulator is nor a short-run predictiva device, It 
is capable cf showing what shovid happen in the iong run, or showing 
tnat one rule bo» should do better than -cother, but any conciusion» errziv 


only to lona- ter:n =verage behavior, no: to short-term behavior. 


- 


It must be ëemphasisze ۳۳۷۰۷۷۰ ۹۰٠٠۰٣٦٦۰٠٦ ٦٦٦76 nature wouid necmi 


---ἱ 


be developed tor cacy individual syscem that was to be examined, it 


is hoped that the chvice of a gencral repair system, to he described in 


Chapter IJ, wilt make it useful to others in testing theoretical questions 


concerning this model. 
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Languags Selection” 


— ص 





jt will be necessary, when preparing the simulation model for com- 


puter use, to give inztructions for ¿he computer, Programs may be written 
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in any number of "languages," but the computer itself understands only 
one language: machine language. Developing a thorough knowledge of 
"machine language” requires a great deal of study, and constructing 
programs is very tedious and slow. To bridge this knowledge gap and 
to make the computer more readily available to more users, additiona! 
languages have been developed to help individuals of varied backgrounds 
use a computer more efficieatly. When programming is done in any of 
these special languages other than machine ianguace, it must first be 
"translated, |© by means of a special intermediary program called a com- 
piler, into macnine language. It is therefore nezessary, before selecting 
a soecific lansmage to be used, to determine the compilers that are 
availab:o for zie computer to be utilized. The fotaowice is = summary 


of ine moro commoniy-used languages. 


FORTRAN (An abbreviatven tor μπα] ο ται στο τν CS 
univerzailv used language for which compilers are available, Fatian, 
being nearly a universal language, is ideally suited to mode. builaing 
and is a coo basic language from which to i«zro othar computer languages 
when the need «rises. A Fortran program cons:sis 2f a number: of state- 


ments or instructions to the computer, 


GPSS (Ceneral Purpose Systems Cir late) is another program- 


ming language that has seen designed specifically for queceins Svstems, 
Gras has @ lowic structure that permits it to serve, im a sense, a5 4 
shorthand version of many Fortran statements grouped together for usage 


within a queueing problem. A sincle statement within the GPSS language 


could very easily represent as many as 190 individual operations that would 
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be needed if the system were constructed using the Fortran language. 
In summary, then, with a GPSS compiler, one could construct very 
complex queue systems simulations with a very small number of state- 


ments. 


SIMSCRIPT - Simscript, like GPSS, is also another type of lan- 
guage that could be considered a type of shortnand. Here again, many 
Fortran data manipulations can be called into operation by only one or 


a few Simscript statements. 


Both Simscript and GPSS contain significant advantages, both 
in simplicity and flexibility, when utilized in developing a complicated 
Simulation model. These two systems would be the normal choices in 
developing a complex computer simulation model: however, compilers 
for these two languages are not available at the computation center 
used by this author. Therefore the Fortran language has been selected 


for use, 
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CHAPTER Il 
PHYSICAL SYSTEM TO BE SIMULATED 


Philosophy of System Selection 

Because of the added transportation costs and repair costs of ail 
items to be included in repairable-iten: management, it follows thal ons 
criterion for selection will be high uni?! cost, In addition, as repair 
contracts must be let and contract a@udministration pursued, sufficient 
volume must be anticipa.ved to make it feasible. Yo summarize, then, 
the general criteria for selection of an item {or rereirabic-item manazenicnt 
are: 

l. Item trust: be revatiable. 

2. Specializes repair, other tion jin the field, must be required, 

ο, Unit orice must al teas: be oie anidred dollars, 


4. Regenciaiion raust be at taact twenty units per year. 


Other items might, of course, be accepted into the repair program, aut 


Nuccebvillhetrested a. Spec ο ο 


When the crireria aro examined it becomes apparent that stocking 
this type of material at a limited number cf stocking points will reduce 
stock levels, materia!-in-transil costes, apa oc inisa sls s p ους. 
Tnis policy couid be moditied if tne operational needs cf the customers 
je Í the need for material in their immcoiate vicinity, 

Access was not readily avaiiable to an operating system: therefore, 
the physical system to be simulatec wilt be a hypothetical one. It will 


= -- £ na E D dU El , = kd e 
be composed of the tollowii ΠΕ, LOA 





Jo 


]. Main Supply 
2. Subsupply East 
3. Subsupply West 


a Repar Facility 


The shipment links between these points are variable and are inputs i 


the modci; therefcro, the model can be modified to mee: varicus other system 


- 


configurations, Demand from end-use customers is generated at Main 


supply, Subsupply West and Subsupply East. 18: 3410611۴1601 Main Supply 


will receive requisitions from Subsupply West anc Subsopply Basi, Figure 


- 


دح 
s.‏ 
9 


y displays the locations capable of being used in the system, 


For thie simmutation, specific locations were selccted so that realistic 


transportation times and costs could be added fcr additional! realism. Sub- 
IN, 


Suppry West is at Pear! Harbor, Hawaii, Subsuppiv Esst i3 at London, 


England, Main Supply is at Norfolk, Virginia, ana the Repair Pacili 2 is 


arl ona Leach, California. 


Fhysicai Characteristics of the System 


ee ee --------------- 





It is necessary to examine the principal loceilons +i the 1ط‎ 


system to gain insight into the operation of the simuicilon. S stort dis- 


cussion will describe each aclivity and its responsibilities to tino oral 
system. 


Y 


oubsupply East zr 1S uosuvply West 
General - These activities are considered to be field stocking activities, 
They will maintain stock necessarv to support requisitions from customers 


in the immediate are “he facilities end personnol are limited and are 
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not capable of sophisticated inventory management. Repair facilities 

are at a minimum, and items needing repair must be returned to Main Sup- 
ply for scheduled induction into a repair facility, Forecasting demand 
occurs at the same time that the forecasts are uodated at Main Supply. 
Ihe method, however, is to generate a two-period moving average, The 
method of aetermining requirements is to compare requirements with assets 


on hand pius dues from Main Supply. If the assets are equal to or less 


O 


than tvs months’ expected demand, then the deficiency plus one month's 
sxpectca demand is ordered, and tne requisition is forwarded to Main 
τοῖν. 


"T 


runctions Perforined by the Subsupplies 
1. Receives demand from customers, 
2. Mainilan current on-hand items availeble for issue. 
<“, Maintains backorder file. 
4. Feuuisitions replaccmeni mäaterimt from Main Supply. 
Maintains a file of matorial due from Main Supply. 
6, When an item is issued, decides whether cercass will pe 
returned for repair. 


ras 


7. Generates time-of-arrival of carcass at Main Supply, if it is to 


w . un. چک‎ 1 1 - I es ` as —- مع‎ ac. ` 
3. Generates tne time of ne mimo ira tor. 


Main 


رن 


upply 
General - This activity is the central inventors cenirc] point for the item 


pcing simulated. It stocks material for issue tc tre and to 


end-use customers in the immediate area. In addition, if ze 
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requirements reviews necessary to maintain levels for satisfactory perfor-- 


mance of the entire system. 


Functions Performed by the Main Supply 
]. Receives demand from local end-use customers. 
2. Receives demand from Subsupplies. 
3, Maintains current on-hand items available for issue. 
4, Maintains current on-hand items of material awaiting repar. 
ο, Maintains baekorder filesor fst out). 
6. Performs requiremenis review. 
7. Orders material from procureirert, 
8. Generates estimate of the time when ancy material from procura-- 
ment will be received in the system, 
9. Directs that given material be itcucted into Repair Facility. 
10. Generates estimate of the time when any material will be 
received at Kepair Facility 
ll. Forecasts Main Supply futuro demand, based on pagi expe cena, 
12. Mainisins file of material due from procurement, 
13. Mainiains file of material due from repair. 
14, When an itom is ¿issued to loca! customers, decides whetne 
carcars will be returnea for recair, 
15. Receives carcasses from Subsupplies to await induction intc 
repair, 
16. Generates time of next demand from i 
17. After requirements review, generates time of next review. 
18, After demand forecast update, τ. time of next demand 


corecast update 
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19. Receives material from procurement and Repair Facility and re- 


leases backorders on a first-in, first-out basis, as necessary. 


Repair Facility 
General - This activity has been selected by Main Supply to repair the 


item simulated. 


Functions Performed by the Repair Facility 
l. Receives items to be renaired from Main Supply. 
2. Generates time when items to be repaired will depart Repair 
Fac lly. 
3, At departure time from repair, determines how many carcasses 
aid rot survive repair, 


4. Generates arrival time of those surviving repair et Main Supply. 


Tt is twaportant to understand the rules under which the sysiem is 
operating, as they must be included in the simulation. Jt is possible tnat 
some rules may impose adverse effects on the system, but provinc this 
through simulation could be a valuable by-product of this study. 

Units Demanded - It is ees ned that, because of the high prices oí the 
items in the repairable cai cy, demands from local customers will he 
for a quantity oí one item. Atter a demand is placed, it 
system until an issue is consummated, 

Return of Defective Material - Material is not considered for return unless 


an actual issue takes place. Many times the prime equipment wil! still 


be operable, but toa lesser degree of effectiveness. 
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Priority of Issue - All requisitions are considered to be of the same 


priority, and issues are made ona "first-come, first-served" basis. 


Release of Backorders - All backorders are released on a "first-in, 


first-out" basis. 


Consolidation for Shipment - When operations such as inaterial receipts 
cause a batch of backorder releases (and conseuuent!y the return of many 


items} at one point in time, shipments will be consolidated, 


Kequis.tion Effectiveness - When a requisition is received, it is counted 
asa demand. It it is completely filled on time, it is counted as an issue, 
If a requisition is partially filled, then it is considered to be one demand 
with an issue and another demand with no issue. At tne erd of the re- 
vortiry perica, the number of issues is divided bv the number of demands 
to det the requisition +ffectivoness 

Unu Effectiveness => Each unit reqauesied ie considered a demand, and 
each issue on time an issue, Αἱ the end of the period the number of issues 


is divided by the demands tc get the unit effectiveness, 


Times of Peyment - Costs are not recorded uniii the material is received 
from orocurement, received from repair, or received at uestination after 


a shinment, 


Minimum Procurements - Generally, as the uri! price of an iiem goes up, 


--. 


the economicaei order quantity gets iower. Top management has decided 
that since ihe work- load in the Purchase Seciios is kign, the minimum- 
purchase quantity will be for at least three months' purchase require- 


ments, 
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Minimum Repair Quantity - For the same reasons stated for new pro- 
curements, the minimum quantity to be sent to repair is two months' 


expected repair requirements, if the material is available. 


Process Generators 


It nas been previously mentioned that the inventory orobiciu is 
surrounded by uncertainties in demand, times needed for various events 
and the receneration of material. These uncertainties must be inchudeca 
in tne simulation to represent reality. A usefvi too! for simulatina stc- 
chasiic processes such as these is the Monte Cario technique. 2 The 
Monte Carlo technique needs a random variable, its probability distri- 
bution function, and a sequence of random numves:, The random nun- 
bes are crrovided by a random-number generator, which is a library 
Function (GM (D), When tne value of ií is [0720007126 770 
intego:. ine generator wili provide uniformly distributed randoni 711010 جج‎ 
6ھ‎ 76 670 hand 1. The folowing wilibea dieen ۶ت۶۷ًك٤)‎ 777۶7۶ 


generators, utilizing random numbers, to simeaiate ihe uncertainties 


۲۰۶۰۱۰۱۶۱۲0۵770۰ 


ا 


Demand Generat S - "Hiah-demand items are setisfacior:iy described 

by the norma: uistribution, medium-demand items by the negative bino- 
mial distributicu, and very low-demand items bv the Poisson distribution. 
One ot the crit zvie for zsloction of a repairable ilem dicated that a 
regeneration rais cf at least twenty units per year be used. This is 


considered ea high-demand rate; tnerefore, a normal distribution is used 


to describe the demand input, Demand from end-use customers can enter 
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the system at Main Supply, Subsupply East or Subsupply West; there- 
fore, three separate generators are used to allow varying demand input 

at each point. The random-time-interval generator is designed to pro- 
vide the time between demand arrivals; therefore, Phe des ο ασε ο per 
month ES be reduced to a mean time en demancs. For example, 

if it were desired to m a demand of ten units per 30-day month with 

1 standard deviation equal to 3, 3 qemands, then we would have a mean 


time between demand of 3 days and a standard deviation of 1 day. 


Time Generators - ο πιρηθῃ paths exist between the primary physical 
locations, and re subject to variations in the time required to effect 
shipments. Transportation times approximate the normal distribution. 
Therefore, the same type of generator is used as in the demand gener- 
ator. The characteristics of each path, such as type of transportation 
utilized, mean shipping time, standard deviation for shipment time, and 
cost to move one unit of a certain weight and cube on each path are 


inputs for the simulation. 


Regeneration of Ml - Return of material for possible repair after 
issue and the survival of material in repair are also subject to uncertain- 
ties. A Monte Carlo process is used to simulate these uncertainties. 
The percentages of possible return for repair and of material surviving 
۳2 are read in as inputs, When the program reaches a point where a 
decision is necessary, a random number is drawn for each unit and com- 
pared to the probability distribution read in. For example, if 90 percent 
will be returned for possible repair and the random number is 80, then 
the item will be returned; but had the random number been 95, the item 


would have been discarded. 
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Procurement and Repair Lead Time - Scheduling of work by the producers 
of new items and activities holding repair contracts cause uncertainties 

in the time necessary to complete these operations. The normal distri- 
bution function is used to generate procurement and repair lead times in 
this program, but the distribution could be replaced easiiy should it be 
determined that such times followed another type of distribution. As 
mentioned previously, a mean time and a standard daviation are necessary 
to activate the generator. These values could be easily obtainec tnvough 
a samolingc project. 


x 


Eu Control 70 


IT was neceszery to relate the operations within the svstem to time, 
becauce ihe vehavior of the system is time-devendent, The orecisc a ri- 
val time of material could affect the effectiveness: figures that are tna 
most commonly used measures of performance, The dynamic aspect oi 
the system is created through use of a time~dependent queueing network. 
The inventory oroblem is often described as a crieue (weiting line) prob- 
lem because of the backorders that accumulate wher tne syster is tem- 
porarily out of material. Constructed within this simulation ore many 
different methods of judging performance. These «vere aii incorporated 


because different wathods are needed to compare ine resvlis of various: 
typos of experimenis, 

The physical sysieni shown in Figure 2 was anatyzed, and it was 
determined that tere were sixteen times when the program nad to momen- 


tarily pause and updote the state variables or qeneraie new times for 
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subsequent events, Table I provides a list of these significant times 


and a brief description of their meaning. 


When the system simulation is activated, initial times are gen- 
erated for TMSW (9), TMSW (12), and TMSW (13), and times are put in 
es TMSW (14), TMSW (15), and Νις UD. Ali cther TMSW's have 
very large values, and the symbol TIME is initialized at 0.0. The pro- 
gram searches the array TMSW and finds the lowest value for action, 

As an example, when the switching routine determines that TMSW (12) 
has the lowest value in the TMSW array, we sec that a demand is expec- 
ted from a customer at Subsupply Bast. Wher entering tne TMSW (12) 
routine, the first action necessary is to update TIME to the value of 
mow (12) used te switen to this nentine. As the demandas are ae 
item it is now considered that a demand has been receiveu, and cithe: 

an issue is made or a backorder esianlicned, Jf an 185115 nas been made, 
the Monte Carlo draw tecnniqus is used to determine if the retiro- par 
is capable of repair and is to be returned for possible repair. Tr the iter: 
is to be returned, then tho time generator is used to generate a time in 
Shipment. This siiDiaort time is adecd to the updated value of TIME, 
anda time of arrival is thus determined for the materia! at Main Supply. 
As a change hus affected the asset cicture, the On Hand plus due, plus 
backorders must be compored wiin iwo tines the average demand. If 

a deficiency exists, then an order ic placed to arrive at Main Supply 

at TIME + 2 days for the deficiency plus an average month's demand. 

The last step is to generate the time until the next demand by using the 


demand generator ana adding this value to TIME, The resulting value 
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is stored in TMSW (12) and will await its proper time in the switching 


routine. 


Of the sixteen values used in the switching routine, the first 
thirteen, TMSW (1) through TMSW (13), directly relate to the receiving 
of demands, issue of material, shipment of materiel, and updating of 
state variables. There are three additional times used, and a briez 


description of each follows. 


TMSW (14) Time of Nevi Requirements Review. (PNRR) 

Periodically it is necessary to compare sysiem assets vs. SyS- 
tem requirements and make a decision to buy, repair or await the next 
review. The rules that allow the prcgram to make this decision are tre 
"Repairable Decision Rules,“ end are cons ο to be the inventory 
operating poiicy. The frequency of review is important, and the close 
the reviews, the better will be the decisions, However, physical liini- 
tations sometimes prevent daily or ever monthly reviews, A set schedule 
is necessary «o that safety- level acdjus’ ments can be mads to cove: tris 


rivi 


uncertain period. The time between reviews is en input value to allow 


matching of the simulation to reality er evaluating the results if an ex- 
"πο policy is modified, 


TMSW (15) Time of Next Period Review. (TNPR) 


€ حراج‎ air 3 
E £^ aj t 
F لئ‎ u^ ο n 11} 


qu 


To perform an analysis Ὁ tonli is necessary to gan- 
erate statistics andi coilect data for review, Toc management 117. 
familiar with certain key statistics or a regular schedule, and it is 


necessary to use these same statistics ana schedules when running the 


simulation for ease of explanation of the results when completed, The 
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simulation to be presented utilizes a 30-day month as tte reporting 


period. 


TMSW (16) Time of Next Demand Updating. (TNDUP) 

The problem of adjusting the forecasts of future demand from ex- 
perienced demand is of vital importance to the inventory manager. This 
simulation will use single exponential smoothing with the value fer the 
smoothing weight being an input. Many approaches could be used, as 
this is a very controversial area and the testing necessary to determine 
the optimum method for a particular situation is a complete studv in it- 
self, The demand updating was established as a separate routine so 


that, if desired, tests could be planned to optimize this function. 
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CHAPTER Iil 
DESCRIPTION OF REPAIRABLE DECISION RULES 


General 


The mathematical model for the repairable decision rules was 


used at the Unitea States Navy Ships Parts Control Center, Mecharics- 


Cx ο -. sie تی‎ at 
με μμ σι 


burg, Pennsylvania, prior to its adoption of new rules 


L 


Inventory Control Point in late 1966. Certain revinements thet ware in- 


J 


( 


cluded in the original are not presented here, bui the basics ars the samc. 
The rules are pozsibly not the optimum for the maysical system presented, 

but are well developed and could be adjusted to iu almost any repahable- 

item management problem. The financial climate in wticn the rules are 

to be used bas a great deal to do with the vaiues assicnca to the variables 


that «control it. 


Definition of Terms 


The terms used in the presentation o: the repalrable decision rules 
will be defined here, with a description of data source anu possiple limi- 
tations. The definitions will also include the arnticable FORTRAN sym- 


bols, because the ferinulas will be constructea using these symbols, 
On-Hand Reacdv-for-Issue (CHM) - The on-hand rcau/-for-issue value 
is a state variable, and the most recently updated value is used during 
the requirements review, 

Due from Repair (DUFR) - The most recently updated value for the 


quantity of items cue from repair. The actual acsets being returned 
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to Main Supply from repair could be several units less than this value, 
because the possibility exists of some items being surveyed while at the 
Repair Facility, DUFR is incremented when items are shipped to repair 


and decremented when material is actually received at Main Supply. 


Due From Contract (DUFC) - The most recently updated value for the 
quantity of items due from procurement. DUFC is incremented when a 
requirements review is held and an order is placed. DUFC is decremented 


when the new materiai ordered is actually received at Main Supply. 


Hard Assets (HARDA) - HARDA= OHM + DUFR+ DUFC. Hard assets 
are the sum of assets on hand at Main Cuppiy, firrs dues from contract, 
and repair. 


r 


On-Hand, Not Ready for Issue (OHM®) - The most recently updated value 
representing the items held at Main Surily awaiting possible induction 
into tre repair cycle. This item is incremented upon each receipt from 
subsupelies or local customer. at Main Supply, and decremented when 
the requirements review indicates induction into the Repair Facility is 


necessary. 


Procurement leead Time (PLT) - The time period measured from the time 
of the requirements review until the material is received at Main Supply 
and placed in the on-hand ready-for-issue account, The mean procure-- 


ment time (TMU1i} is an input value used in the procurement lead time 


O 


generator, and also used as the valve for Fi lf. The value is expressed 
DOMOS. 


Repair Lead Time (RLT) - Tne time period between the requirements 


review and the receipt of the materia! at Main Suppiv, when it is placed 
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in the on-hand ready-for-issue account. The value is computed by taking 
the sum of the mean repair time (TMU10), mean transportation time from 
Main Supply to Repair Facility (TMU4), and mean transportation time 


from Repair Facility (TMU5). The value is expressed in months. 


Predicted Carcass Return Rate (BP) - The rate at which issues are expec- 


ted to result in carcasses being returned for possible repair. 


Predicted Carcass Survival Rate (AP) - The rate at which items in Repair 


Facility are expected to survive and become materia! on hand ready ici 


Frocurement Safety Level (PSL) and Repair Safety Levels (RSL) - The 
safety levels are added in the reorder points to cover uncertainties and 
provide a means of adjusting levels of stock to attain à cesired level ar 
effectivene:s. Many systems are employed to provide: safety ievels, 


1 


but the system in this simulation provides a constant safety level based 
on the reed to protect at least the unprotected period between tie actual 
occurrence of a reguirement and the next scheduled requirements review. 


As the simulation is a testing device, an input vaiue (AJP) is used to ac- 


just this value as necessary. 


Backorder File Main (TOBOFM) - Backorders, or obligations as od are 
often called, sre requirements that are unfilled and musi be considered 
in. addition to the forecasted demand in the future. The tile is incremented 
whenever a recuirement is received and materia! 1s not available, aud dec- 


remented when hackorders are released. 
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Demand Forecast (DEMFOR) - The best available forecast of demand for 


the next period, based on past experience. 


Holding Cost Rate (HOCTR) - Rate, expressed as a percentage of unit 
cost, represents the cost to hold one unit of inventory for one year. 


It is composed of storage costs, interest rates and obsolescence rate, 
Unit Price (UNPRN) - Cost of one unit of materia! new. 


Order Cost (ORDCY) - The administrative costs necessary to process 


One order. 


Procurement Economic Order Quantity (NEOQ) - Wh a decision ha 

been reached thet ə buv 15 το be made, the next cuestion is "How much? " 
The classic EOQ formula is used, except instead of using two years of 
expected demand (24 x DEMFOR), two yeare of exvected attrition 


24 x DEMFOR x (1 - APx BP is used, 


` 


The formula is as follows: 
24x DEMFOR x (i - AP x BP 
NECO N en ` ce 7 un 
HOGIR D UNPRN 





— — nn اس‎ 








The reader 1s reminded that a minimum three-month procurement 
18 necessary: thercfcrey the minimum EGO is *ecuer to “۷۰ 


(1 - AP x BP), 


Repair Economic Order Quantity (NREOQ) - The formula for the procure- 
ment EOQ is followed witn two excepüdons, First, the two-year demana 
forecast should be modified to a two-year projection of what will enter 
repair (24 x DEMFOR x AP x BP}. Second, the unit price should be changed 


to the cost per unit for an item to be repaired, This is accomplished 





by multiplying UNPRN x RCP (RCP being the cost of repair expressed 
as a percent of the new procurement unit price). The formula is as 


follows: 






24 x DEMFOR x AP X BP 
RCP x UNPRN x HOCTR 


REOQ = 
The reader is reminded that @ minimum two-month repair induc~ 
tion is necessarv if the material is available. Therefore, the minimum 


REOQO is equal to 2 x DEMFOR x AP x BP. 


Procurement Reorder Point (PRP) -- This is the lonuest period to be pro- 
tected in the requirements review. If it taxes ]2 months to receive a 
shipment from date of order, and 20 demands are expected each month, 
we must have at least 12 times 20 either on hend, on order, or a com- 
bination of both, In addition, all backo:ders must be included in addi- 
tion tc the demand forecast. The final item is the procurement safety 
level. which allows covering the uncsrisiniies te obtain a desired level 


@e efi=ectiveness. The formula 1s +٦ 


pape (PLT ہم‎ ۶ٔ ٔ ٔ +491 ١٤ E 


kepair Reorder Point (RRP) - This is the shorter of the two periods that 
must be protected in the requirements review. The te raula is the same 
as for the verocurement reorder point, except that the repair lead time 
and recair safety level are used. The formula is as follows: 


RRP = (RLT x DEMFOR) + TOBOFM = Rr. 


Expected Assets During Protection Period (EXASSP; - This is thc total 


of all assets that can be received and converted into material on hand 
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at Main Supply within a PLT, It is composed of: 
Ἱ Ομ το ο μι ο παπα ασε» 
2, AP x OHMR --- Regeneration from those on hand at Main 
Supply awaiting repair. 
3. APx BP x DEMFOR x (PLT - RLT) --- Regeneration ovcr the 
first several months that will be returned to Main Suppis 
and added to the OHMR, These will be inducted and wili 


~~ . 
i 


return ος Repa Farility prior to tne end olf the PLI 


Theory of the Reratabie Decision Rules 


1 


How much to bpuy and how much to repair have been answere ny 
the EOQ formulas presented in the definitions. It is now necessary to 
explain when to buy and wren to repair. When the expected assais 
during the protection period (EXASSP} -- same time period as a procure: 
ment lead time -— are greater than tne procurement reorder point. ä buv 
is not necessary; howeves, the hard aseots (HARDA) must be cempared 
with the repair recrdcr point (RRP) to see if it is necessary to repair, 
The hard assets (DARDA must ocra ο LO Unis ceo mest E 
the amount of dues from contract that will arrive after a repair ead time, 
as these asscis might not be received soon enough to satisfy any de- 


mands in the period PL? - RLT, Tf H3RDA is less than RRE, tnen the 


men 


lesser quantity of on-hand available tG be repaired (OHFR) or ihe re- 
pair EOQ plus deficiency to RRP must be inducted intc repair. Had tne 
EXASSP not been greater than PRP, then the deficiency plus a procurement 
EOQ would have been bought and ihe full quantity OHMR would have been 


inducted into th Repair Facility. Figure 3 pre 


dt 


ents a Schematic or tne 


ΟΝΕ. 





32 


SCHEMATIC OF REPAIRABLE DECISION RULES 


ERES MEL κ ۶ٰ 0 06 ب‎ 0 
RRP 


(RLT x DEMFOR) + RSL + TOBOFM 
HARDA = OHM t DUFR + DUFC - (DUFC in period between RLT 
and PLT) 


EXASSP = OHM + DUFR + DUFC + (AP x OHMR) - (AP x BP) x DV MFOR x 


(PLT - RLT) 











NEOQ d > 61 E ς (1 - AP x BP) 


HOCTR x UNPRN 





ix DEMPOR x APXBP 
u { 1 7 x AP x BP 

آ ہے ہے T ` ) =N‏ 

NREOG CE ;: UNPRN x HOCTR 
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CHARTER TV 
INTEGRATED SIMULATION MODEL 


When the mathematical model for repairable-item management is 
combined with the gueueing network that describes the actual sysiem, 


the package is complete and a simulation tool is now availabie. In de- 


- 


- 


Signing ard building the integrated simulation model, emphasis was 

placed on makiny the medel as general and as flexible as pussikle io 
allow a variety ci tests to be performed. The use of subroutines was 
considered: nowever, it was finally decided tc keep all routines used 
i: ine CCOmpurer πο σα ο ΠΠ the main 0۲96750 7۲٣٣٢۶ Ἡ 


Sx o 


noSition by an assigned group of statement numbers able Il snow: 
the routines and their assigned statement numbers. The followina zcr- 


ments ote cenit io the input and output of the model. 


Input - Since the model has been made general and as flexibie az poss:-- 
bie, it was necessary to include many values as inputs, to prevent the 
or changing the program itself. Te keep track of these va 
and to kuitw7 what was used to obtain a specific set of output, a disclav 
of tne output was created for ease of analysis. Aüpend'x C is an example 


of this dismlay, toyether with a listing of the data that were read ints 


sjective of creating an integrated simulatior: 
model tnst was coneble of testing many different aiternatives, it was 
necessarv ta obtain many outuvt values for possible use in the eventual 


analvsis. Appendix D is a sample of the output that was obtained by 
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TABLE II 
LOCATIONS OF ROUTINES 


ROUTINES 


Reads, Formats, Writes, Misc. 
Switching Routine 


Receipt of new material shipment at 
Subsupply West from Mair: 


Receipt of new material shipment at 
Subsupply East irom Main 


Receipt of new shipment at Main Supply 
from procurement o repair 


Exit of material fom Repair Facility 
Receipt of shipment at Repair Facility 
۲67 

Receipt at Main Supmy of item capable 
of repair from buksuptiy Fast 

Receipt at Main Suppiy of item capable 
of repair ποσα ο ου ορ ο. 


Receipt of demand et Main fom ocat 
customers 

Receipt of demand at Main frora Subsurply 
West 

Receipt of deman: at Main from Sibhsunpply 
East 


Receipt at Cubsuyply Past of demand from 
tocal customers 


Receipt at S3uosupply West 5f demand 
from local < WSO aê 


Requirement review 
Period review 

Main Supply demand update 
Plot routines 


Return for additional simulation 


To 


150 
200 
20 


300 


400 


450 
500 


/ 50 


800 


6°0 


CO 
(O 
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en 
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te 
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> i 
Dm 
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FORTRAN PROGRAM 
STATEMENT NUMBERS 


From 
0 

151 
201 


291] 


301 


401 
451 


901 


991 


851 
901 
1 
rogi 
1050 
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reading into the computer the data listed in Appendix C. The emphasis 
for display in Appendix D was placed on the interactions of state varia- 
bles; therefore, the report period was established at a ten-day interval. 
The sampling of the values every ten days provides a smoother picture of 
the way the values are in fact changing through time. When most tests 
are run the reporting period is thirty days — the normal unit of time in 
which performance is judged. Changing the reporting period will have no 


effect on the eventual expectation of the model, as it is just a pause to 


examine performance or to present values of ctate variables. 


Tne common uces of the integrated simulation model will not be 
for studying the interaction of the many state variables, but rather the 
evaluation of cifferent alternatives availabie to the inventory manager. 


er ec 


ER 


O 


O) 
í) 
τ 


As ine model is probabilistic. i used effectively as a shori- 
run predictive device. The niodel does become effective, however, when 
the measures of effectiveness and average costs approach closely the ex- 
pectation for a given set of input values. ft is necessary to examine tne 
values thst will be used in the eventual unelysis to insure that they 
approach the expectation within very high confidence limits. The values 
mist be checked for variances of the means as the number of trials in- 
creases. Running comparisons must also be made of the means obtained 
on additional runs using different random-numrer--seguence listings. 


The "F test for equality of variances” has baum utilized, 


Uses For The Integrated Simulation Model 


In general, simulation has bcen used for the following purposes: 
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1. As a problem-solving technique, i.e. to obtain the answer 
to a specific numerical problem. 

2. As an experimental method, i.e. to explore the nature of a 
system being simulated. 

3. As an indirect method of analysis, when the systems under 
consideration cannot be analyzed using direct cr formal 


analytical methods. 


Categories of tests or modes of analysis ihat can be performed 

on the present model are: 

1. Optimization Analysis - Testing to find the proper operating 
values for system parameters to mayvimize performance while 
minimizing costs. 

2, Sensitivity Analysis - When an operating oclicy nas been 
selected, one can determine the effect on tne costs eru elec 
tiveness if deviations are made from the ontimum policy. 

3, Systems Design - It is possible that the present network of 
supply points is not the optimum ena that consideration +01 
pe given to modification. Such mcdificaticnas can be tested 
on the model. 

4. Operating Policy Analysis -~ As an exampie, ihe present system 
should have a firm policy on the mode c£ tmanspoitaltion to 
be used when shipping new parts or returning parts to be 
resaied. This policy should be reviewed to determine if it 
is still optimum when the cost of transportation is changed. 


In addition, the limitation placed bv the inventory manager 





on how much should be spent on repair needs to be examined 
periodically. The model gives one this ability to analyze 
effects of policy changes, 

5. Demand Forecasting - Technique for demand forecasting are 
varied, and testing with the simulation will help optimize 
the choice of forecasting method without disrupting the 


actual operation, 


Specific questions or situations posed by outside sources could 
se answered by the model. For instance, management is considering a cut 
in the funds availabie to the inventory department, but they would like 
to know how tnis will affect the effecliveness cf meeting customer demands. 
Also consider tne case where the inventory department is not asked, but 


4 


is told tuat Guly a limited amount cf funds are available. The mode] can 
3 


now be usca to test alternatives available to reduce spending but maxi- 


mize eifectivenesse at the new Jevel ct fuucing. 


Limitations 


Monte Carlo simulation solutions have some disadvantages which 
are not present in analvtic solution methods. There is still the problem 
of statistical variations and experimental desiun inconsistencies that are 
present in direct experimentation of the real situation. lt is mandatory 
that a large enough sample be taken and this ramzie compared to others 
taken with a different series of random numbers, Also the simulations 
must be run long enough to reach steady-state conditions. It therefore 


follows from the above that if a problem can be described by ë realistic, 
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analytic model that can be mathematically manipulated to obtain an op- 


timum solution, it possesses an important advantage over the Monte 


Carlo simulations. 


It is of vital importance to understand the variables used in the 
program and to collect data trom the real world to correspond with the 
intended use. Poorly-collected data will have a big effect on the out- 
come of some experiments. The term "some" is used because as long 
as the same data are used, alternet:ve tests covld siil: be effective, 


even though the data are poor. 
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CHAPTER V 
A SAMPLE PROBLEM EVALUATION 


Problem Statement 


Selecting a problem to examine when the system is a hypothetical 
one presents some problems. In an effort to circumvent these problems, 
it will be assumed that values displayed in Appendix C represent the op- 
timized values being used in the operating policv of a hypothetica! tirm. 
In addition, realistic transportation times and costs were chtaine: for 
representative weighis and cubes from the Militarv Traftic Management 
and Terminal Service (MIMTS), Washington, D. C., based on the ter- 
mina!s at Pearl Harbcr. London, Norfolk, and Long Beach, Table Il: 
presents the qata received from MTMTS and used in the following ὑχου- 


lem. 


In the operating manual used by the employees responsible fo: 


ecting items to manace as repairables, the lowing might appear: 


Renairable Item, An item which, through rework, 
test and check, modification, or remacement of 
paris, can be -eturmed from 301 1۷۵٣ص٦‎ 
to performance approximating that of a nov” item at 
reasonable cost (80 percen less Om mew unit 
price), 


The range of items maneced by this firm vary from very snicl! high- 
priced items to very large high-priced items, The definition of a repair- 


but one may ask whether the constraint of 80 


able item appears sound, 
percent or less oi the new unit price is proper for all items managed as 


repairables by tho firm. 
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Method of Approach 


The basic alternatives in the management of an inventory of 
items are either management of them as consumables or management of 
them as repairables, Therefore it is possible to compare the average 
monthly costs under consumable manacement vs, the average monthly costs 
under repairable management. It must be noted that average monthly 
costs under repairable management will be deper.dent upon the limits 


placed upon repair costs to be inzurred by the repairing activity (RCP). 


It is necessary that the ficm have an effectiveness goal. This 
level of effectiveness may be attained by either method of management, 
but the cost of operating under the two alternate methods of manacemoent 
(repairable vs. consumable) may not be the same, The purpose of this 
study is to show unde, what circumstances repairable managemen: 


would be more favorable than consuirabie-item managerent, 


The method of simulation for a repairable has been describe, 
and as the ce. struction of the procurement reorder point 1s the same for 
repairable or consumable management, only a minor change is necessary. 
To manage ar item as «a consumable, reueneration of material will be 


zero: therefore jt is necessary to set the Monte Carlo draw so that all 


O 
NU 
E 


material after issue wii sed and not returned for possibie repair. 


As mentionec, it will bs necessary to simulate an iteru once as 
consumable; then agair as a repairable. The method used to adjust 
stock levels, so that the effectiveness under both methods of manage- 


ment will be equal to each other and also to the goal, is to adjust the 


safety level, using an input multiplier (AJP). 





aes 
N 


When the input values have been decided upon, it is then nec- 
essary to run several trial simulations of varying lengths to determine 
the number of periods that must be simulated, so that the values that 
are to be used in the cost comparison are within acceptable limits of 
confidence, Aiter the lenoth of the simulation runs are known, it is 


سے 


then necessary to run the simulatic: severa: times, using different ran- 
zn 


dom-number serios, until mean vaiues of the desired output are within 


the acceptable confiderce limits. 


The costs appdiicanie to managing an item as a consumable are 
as follows: 

l. Average monthly procurement costs, 

2. Averasc moninly cost to ship new items to the Subsupp.y 
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In addition, for a repairable there 
l. Average monthly actual repair costs. (Will vary es the 
value of RCP changes). 
2. Average monthly costs to move repairable items, both te 
Main Supoly fo await revair, and to and from the Revair 
Facility. 
Not included in the abcve cost comparisons is a one-time investment- 
level adjustment, Lut its importance should be recognized. The invest- 
ment-level formules are as follows: 


(a) Consumable item 


(PET x DEMFOR) + Pok r ۱۱)۷۷۷۷۹ٰں +9 یٰ+۶‎ ٦٣ 
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(b) Repairable item 


(PLT x (1. - AP x BP) x DEMFOR + PSL + .5 x EOQ) x UNPRN 
Plus 
(RLT x AP x BP x DEMFOR + RSL + .5 x REOQ) x UNPRN 


This is a common method of presentation, but is not the only method 


ε-- 


available. Methods of accounting vary: however, consistency once a 
procedure is adopted appears to be the rule. As this is a one-time ad- 
justment, it is hard to pro-rate these costs unless tiie life of the iem 
is known. Caution shouid be exercised if the item being reviewed is 


considered to have a short life, because this cne-time adjustment could 


tfect the final Judannent, 
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RESULTS 


The basic objectives of this thesis were: 

1. To build a repairable-item inventory-management model 
using a digital computer. 

2. lo show that this model could be uscd to investigate 
the appropriateness of certain oderating volicies used 


in repairable-item inventory management, 


The model has been run successfully and is believed to give 
realistic response to changes that would normally ke expected in an in- 


ventory of repairable items. 


tests was run using a goal of 77 percent effectiveness. 
Effectiveness is defined as the ratio of reguisitions filled to requisitions 
presented to the main supply point, Preliminary tests were run to select 
the number of months that would neec tc be simulated to compute system 
effectiveness values at a 95-percert confidence level. For the simule- 
tior of a repairable item, it was determined inat 1000 months would be 
suificient: however, for a consumable item, 2500 months are necessary. 
The additional time required for the simulation of a consumable is believed 


to be caused by the long recovery period after a proviem aevelops that 
would cause material shortages. For a repairable item, material will be 
entering the system at more frequent intervais {from rerair and from pro- 
curement) which will dampen the fluctuations in effectiveness measures, 
It is felt that this increased "stability" of the system is a basic phen- 


omenon of a repairable-item inventory system. This would tend to he 
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one of the fringe benefits of repairable-item management over consum- 


able-itern management. 


When adjusting the safety levels in order that all simulation runs 
(for a specific weight, cube, and unit price) attain the 77 percent, it 
was found that the requisition-eftectiveness values were very sensitive 
to minor changes in the safety levels. Therefore, if a simulation run 
could be obtained with an effectiveness figure of plus or minus .5 
to the desired 77 percent, li was considered acceptable. The results of 
the simulations are displayed in Table IV. This matter of the sensitivity 
of effectiveness to ‘nveniory levels would probably be expected in any 
inventory model, Tine did not permit a true sensitivity analysis of ¢f- 
fectiveness versus the various inventory safety levels. Anyone using 
this model extersively would want to undertake sucha sensitivity anal- 


ysis. 


1 


It was expectec that chonges to the actual repair cost, exuvrcszesc 
as a percentage of originai cost (KCF), would produce different requis !- 
tion effectiveness values: howeve:, the changes were so small that they 
can be ignored. RCP is used within the program only when computing tne 
economical repair quantity, Ths operating-policy constraint oí 777 


ates any significant effect caused 


= 


at least two months! reruhement ne: 


κος 


by changes to RCP, Because of this, the analysis of costs of managing 
items as consumable or reraliranie becomes iess comple, 

This circumstance of the FCQ being less then the minimum order 
quantity is acain undoubtably an inherent characteristic of repairablc- 


item inventory systems, because repairable items are cenerally more 
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costly and therefore yield low EOQ values. Any extensive investigation 
of this model would include a study of the Ces eeifect oftieyesaemdl con 
straints, such as the 2- month minimum economical repair quantity and 


the 3-month minimum economical procurement quantity. 


It was necessary to find the value of RCP that would cause the 
costs of consumabie management to equal tota: costs of repairable-item 
management. It is recalled that repairable-iteém management costs are 
composed of ihe following: 

1, average monthly procurement costs 

2, average mcnthly costs to ship new items to Subsupply points 

3. average monthly costs to move repairable item». boih to 

Vain SUNIL to await repair, and to and from the repair 
facility 

4, average monthly actual repair costs {will vary as the value 

of ROP changes) 
Items 1, 2, and 3 can be summed, and item 4 is varied until a value of 
RCP is obtained that will achieve equality with consuinaple-item-inan- 
agement total costs, The results are shown on tne last line of Table IV, 


It can be seen that the physically smailer items that would result 


in reduced transportation costs are the bette: candidates for repairanle- 


+ 
ο) 


item managemern:, More important is the knowledgs that a fixed criter- 


ion, e.g. 80 porcent or less of new-unit price, is unreelistic as a single 
operatina policy. The RCP (actual cost of repair expressed as a percen- 


tage of new cost) that is the dividing point between economical repair 


management and consumable-item management must be developed for 
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each firm as a function of the weight, cube, unit cost, and transportation 
costs for each item. The type of analysis presented here would be help- 


ful in developing such relationships. 


The present computer program could be used to explore the 
benefits to be derived from changing the operating rules and procedures 
relative to demand forecasting, safety-level dete.minations, and fore- 
casting of regeneration rates. By such manipulation of the operating 


rules, one could obtain an optimal set of repairable-item inventory 


management decision rules. 


The cosic associated with building, maiutaining and using a 

simulation model that is complete enough to accurately describe the 
physical characteristics and operating colicies of a firm are large. 
The dividends that would accrue through better management and under- 
standing of the system will more than compensate for these costs. The 
simulation model utilized a Genera! Hiectric 625 computer. It required 
approximately 20,000 core storage incations, and recuired 3 minutes 


UI DOSES. time Tor each tun. 


Examination or solving of probiems by the simulation technique 
provides @ great deal of understanding of tne interdependence of the 
many variables that might not otherwise be possible. Furtner, the 
ability to propose modification and be able to study, in the present, 
the future effect is invalusbie, The Πο ο ο ος ο ος EP 
mate answers, and must be evaluated with other knowledge that is ac- 
quired through experience and common sense. Thus, simulation is an- 
other useful tool which can be used to build sound inventory-management 


decisions. 
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GLOSSARY OF FORTRAN TERMS 


Actual carcass survival rate, 


A counter that sums the number of 
backorders that are used in compu- 
ting the average time inat a back- 
order is outstanding. 


Nomenclature of itera to be simula- 
ted, not to exceed 20 letters. 


Location of Main Supply for simula- 
qu 


i,9caticn of Subsupply West for sim- 
ulation. 


E TFA 
i 


aosupply East fcr sim- 


Location of Repair Facility for simu- 
lation. 


Procurement cefc1ry ievel. Tne for- 
nile to be used in the Safety level 
computation is displayed on the in- 
put sheet for future reference. 


Repair safety level. The formule 
to be used in the safety levei corn- 
putation is displayed on tne input 
sheet tcr future reference, 


This is an inout value that is used 
internaily to adiust the safety pro~ 
curement level, 


This is an input value that is used 
internallv to adjust the repair 
safety level, 


A function that takes the iogarithm 
of a number, It is used in the nor- 
mai distribution time generator. 


Moving average of demand at Sub- 
supply East and Subsupply West 
respectively. 


D 


(Al, A2, A3, A4) 


(A5, A6, A7, A8) 


ED AIO, A11, A12) 


>> 
— 4 
c 
Mara? 


(A13, A14, A15, 


(A17, A18, A19, 32% 
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y 
G2 
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6277 


(A23, A24, A39, A40) 


AJR 


LOG ( ) 


AMODE 
AMODW 
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Average cost per period of all mater- 
ial received from contract. 


Predicted carcass survival rate. 


Period average cost of all material 
repaired by the Repair Facility. 


Period average of total costs. 


Period average costs for movement 
of new maierial, 


Period averaze rcrair associated 
transportation costs, 


Period average investment level 
(expressed in dollars). 


δι οι ح‎ sSrreturn rate, 


There are the backorder file desig- 
naiors tor Subsupply East and Sub- 
sunply West respectively. They indi- 
ccte only the number of backorders that 
are outstandiug at any given point in 
timo, There is not an aging routine 

to dctennine how long a backorder 

vias in fact outstanding. 


Cumulative costs of all material 
repaired by the Repair Facility. 


Averayc time thai a backorder remains 
outstanding. 


Cumulative investment level (expres- 
sed in units). 


Cumulative demand at Subsupply East. 
Cumulative demand at Subsupply West, 


Cumulative number of issues on time 
38۲۲1155 ۰۰۰7ی‎ 

A function ihat determines the cosine 
of anangle. It is used in the normal 
distribution time generators. 


ANUC 


AP 


ARC 


ATC 


ATNC 


DC 


AWS 


BB 


BOFE 
BOFW 


CARO 


CAVEOG 


CAWS 
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Cumulative costs ef all material 
received from contract. 


Cumulative number of requisitions 
for material received at Main Supply. 


Cumulative costs for movement of 
new items. 


Cumulative costs of all repair 
associated transportation, 


Cumulatiwe number 91 units demanded 
at Main. 


Cumulative requisition effectiveness 
at Subsupply Fast. 


Cumulative requisition effectiveness 
at Main Suppiy. 


Cumulative requisition effectiveness 
at Subsupply West. 


Cumulative number of requisitions 
issued on time at Main Supply. 


Cumulative timê of all 7 
outstanding beckorders. 


Cube of the item ts be simulated 
expressed in cubic feet. 


Cumulative un iioo o Di 
Main Supply. 


Cumealıve nürser oi units +71 
on time at Main. 


Demand per period at Suosupoly Last. 


Records the amount cof demand recor- 
ded at Main Supply during a period, 
Tt is used in the demand update rou- 
tine, 


Monthly demana counter used to fore- 
cast demand at Subsupply East. 


CPNUC 
CPRDM 
G TNC 
ο κο 
0 
@REEEE 
CREFFM 
CREFFW 
CRISSM 
CTIEMP 
TUBE 
GUEEEM 
CU OI TM 


CURDE 


CURDEM 


CURDME 
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Monthiy demand counter used to fore- 
cast demand at Subsupply West, 


Demand per period at Subsupply West, 


Cumulative number of issues on time 
at Subsupply West. 


Demand forecast at Main Supply used 
in the requirements review, 


Material due at Subsupply East from 
Main Supply, 


Material due at Subsupply West from 
Main Supply. 


The number of units due at Main 
πριν OR contas 


The number of units due from repair 
at Main Supply. 


Numoer of issues or time at Subsupply 
Poast per ca iod, 


Procurement economic order quantity. 
Jt is the larger of NEOQ or MINEOQ. 


Expected assets tu be available during 
a production lead time. Is the sum of 
Cn Hand, due from repair, due from 
contract and expected regeneration. 


A symbol used by the plotting routine 
to ploi the extrene right and left 
boundaries of the graph. 


A functicn that converts real numbers 
into integer numbers 


Hard assets, ; 
of items that are du 
ice Con. 0 pius i 

ral Ες 5 


hand at Mz 


na 


Cost to Ho!c, Input value expressed 
as a percent. 


Cost to Hold. The value is used in 
the requirements review in the economic 


CURDMW 


CURDW 


CWISS 


DEMFOR 


DUEE 


DUEW 
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EISS 
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order quantity determination. Ob- 
tained by dividing HOCTPR by 100. 


The initializing value for the random 
number generator. It must be a ten 
digit odd number. 


An input value that controls the num- 
ber of simulations that are to be accom- 
plished on a given computer run. 


External input that will number the 
output computer ruris, 


A counter that is used to delay the 
recording ol an siotistico t T Ne 
simulation kas run for 25 periods. 
This delay is necessary as initial 
values are only provided for the on 
hand vaiues and time is necessery 
for all paths of the simulation io 
have represenialive values, 


An array inat contiols the number of 
columns that can be plotted in a 
graph. 


The mirimum procurement econowie 
order quantity. 


The minimum econemic repair induc- 
tion quantity. 


A remainderina function for integer 
numbers thai gives the remainder 
when X 18 divited by Y. 


The economic order quantity compu- 
tation for procurements. 


These symbols are used in tue seguen- 
cial operaticn of the program to con- 
vert either from a fixed point to a 
floating point or visa-versa e$ nec- 
essary to preveit mixed mode oper- 
ation. 


A device which enables the plotting 
symbols of the graph to be plotted, 
line by line, from the top of the graph 
to the bottom. 


KOUNED 


KOUNST 


KT 


——— 
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MINEOQ 


ΜΙΝΚΕΩ 


MOD (X,Y) 


NEOQ 
SELT 

NOHE SKCUNT 
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NOHM NT 

ABC LT 
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The designation of the midpoint of 
the incremental ranges of the vertical 
scale, 


It is a counter that counts the num- 
ber of periods that are being simulated. 


Ihe economic repair induction quan- 
tity computation. 


These symbols are index values used 
in determining the proper sequence of 
the plotting routines. 


Input value recresenting index of 
position in TEN PB array thai des- 
ignates scale values to be used on 
LEFT scale of Main Supply plot. 


Input value ropresenting index of 
position in TEMPB anay that designates 
scale values to be used on RIGHT scale 
of Main Supply plot. 


Input value representing index of 
position in TEMPB errey that des- 
ignates scale vaiues to be used on 
LEFT scale oi Subsespply West 5:0, 


Input value representing incex of po- 
Sition in TEMPB array that designates 
scale values to be used on RIGHT 
scale of Subsuppiy West plot, 

Input value rercresenting index of 
position in TEMPs array tnat desig- 
nates scale va alu 135 to be used on 
LEFT scale of Sussunply fast plot. 


Input value representing index of 
position in TEM?B array that des-- 
ignates scale waiues to be used on 
RIGHT scale of Subsupply East ciot. 


Input value representing index o: 
position in TSCAB array that designates 
scale values to be used on LEFT 

scale of Reorder point plot. 


NLINE 


NPER 


NREOQ 


NZ 
NA 
NB 


Ni 


N3 


NS 


N6 


N7 





Input value representing index of 
position in TSCAB array that des- 
ignates scale values to be used on 
RIGHT scale of Reorder point plot. 


Input value representing index of 
position in TSCAB array that des- 
ignates scale values to be used on 
LEFT scale of@ost data plot. 


Input value represeniing index of 
position in TSCAB array that des- 
ignates scale values to ke used on 
RIGHT scale ol Cost data Diol. 


On hand stocks at Subsupply East 
available for issue. The value is 
initialized with Subsupply East 
starting with an on hand balance 
equivalent to Z months of expected 
demand. 


Material On Hand at Main Supply 
availabie to meet deraands from 

local Mair. Supply customers plus 
demands from Subsupply East anc £ub- 
supply West to replenish their stocks. 
The initia! value is the expected 
demand ver month at East, West and 
Main times the production leadtinis. 


The number of units on hand Main 
that have been returned trom Sub- 
supply East, Suhsunnly Wesi and 
local Main. It is intended that 
these should be held until a require- 
ments review aictares inauction into 
the R@paer Facility., 

On hand stocks at 2uSouopv WEE 
available for issue. The valve is 
initialized with Subsurviy West 
Starting with ai: on hand balance 
equivalent te 2 months of exnected 
demand, 


Order cost. The value is used in 
the requirements review. 


N8 


N9 


N10 


OHE 


OHM 


OHMR 


OHW 


ORDET 
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Period investment level (expressed 
230008 ο 


An input value that specifies the num- 
ber of periods to be simulated on a 
particular computer run. 


Production Lead Time. Measured 
from the time it is determined that 

an order is necessary until the time 
that the material will arrive at Main 
Supply available for issue, Tt is 
expressed in months and assumes the 
value of TMU13. 


Costs of all material received from 
contract during period. 


Predicted ca:z^ass return rete, 


Cost of all imateriai reoaired by Repeir 
τας αν) 


Period reguisition effectiveness at 
subsupply Last, 


Period recuisition effectivenss st 
Main Supply. 


Period requisition effectiveness at 
Subsupply West 


Number of requisitions receivod at 
Main Supoty per period, 


Number د‎ S 'sued co ٣ 
from Main Surniy during a perioa. 
Procurement reorder point, 
Procurement Safety Leve! is used in 


the reorder poini κ ο α Juring 
the requirements review. 


Totel new material and repair costs 
for a period. 


Costs for the movement of new mat- 
erial during period from Main Supply 
to Subsupply East and Subsupply West. 


PAWS 


PBR 


PEI 


PNUC 


EP 


PRC 


PREFFZ 


PREFFM 


PRETTY 


PRDM 


PRISSM 
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Transportation related costs for 
repairable item movement during a 


To 

Main Supply 
Main Supply 
Repair Facility 
Main Supply 


period, 


From 

Subsupply West 
Subsupply East 
Main Supply 
Repair Facility 


Total number of units demanded at 
Main per perioc, 


Period unit effectiveness at Main 
Supply. 


Number of units issued on time at 
Main per period. 


These symbols are used in the se- 
quential operation of the program and 
are temporary halding locations. 


A function that generates randon: 
numbers that are uniformly distribu- 
ted between 0 andl. To activate 
the random number generator, a 10 
aigit odd integer for I must be 
initislized at the beginning of the 
program, 


Cost to repair a unit in the Repair 
racility, This value is expressed 

a percentage of the cost of a new 
item. 


Number of units received from con- 
tract during a period. 


Number of units received from the 
Repair Facility during a period. 


Repair Leaa Time. 


Total number of items returned to 
Main Supply per period that have been 
determined to be capable of being 
repaired, 


PTRC 


PUDM 


PUEFFM 


PUIOTM 


ΠΕΡ TETIM 
SHIPW TISS 


SHIPE KOUNT 


BOT 


RCM (I) 


RCP 


REC 


RER 


RLT 


RNEWL 
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Repair reorder point. 


Repair Safety Level is used within 
the reorder point computations during 
the requirements review. 


An array which contains the minimum 
values of the vertical scales of the 
graphs. This array will receive its 
values froin TEMPB ( ) or TSCAB C ) 
depending on which graph is being 
plotted. 


An array which contains the maximum 
values of tbe vertical scales of 

the graphs. This array will re- 
ceive its values from TEMPT ( ) or 
TSCAT ! ) depending on which graph 
is being plotted, 


smoothing weignt used in the expo- 
nential smoothing routine within the 
demand update routine. 


The value of tne En of the incre- 
mestal vertical scale values. 


Number of surveys at Subsupply West, 
at Subsupriy East and Main Supply 
respectively because it was deemed 
that the carcasses were not capable 
ef peing repaired. 


The number of items that are surveyed 
at the comple: 'ion ot a movement of 

a lot ví repairables through the Re- 
pair Facility, It is the result of apıly- 
ing the carcass survival rate to those 
items completing the repair cycle. 


An array that contains the symbols 
to be plotted on the giaph. 


An input arssy whien contains the 
maximum values for the vertical 
scales for the cost and reorder point 
plot routines. 


An input array which contains the 
minimum values for the vertical scales 
for the cost and reorder point ploi 
routines. 


RRE 


RSL 


SCALEB ( ) 


٢٢ )(‏ ۶م 


SMWT 


Sul 
2 


SURDE 
SURDM 
SURDW 


SURR 


SYM () 


TEMBT ( ) 


DET ο 
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TIEMP Period total time of all individual 
outstanding backorders. 


TIME The moving value of time within the 
program. It is updated each time 
an event occurs. 


TMSW (1) Lowest value in TNNMW array. 

TNNMW ( ) 10 position array for transportetion 
times. 

QTNMQ () 10 position arrav for transported 
quantities, 

JX1 Index representing TMSW (1) posi- 


tion in TNNMW array. 

The above refers to the time sequen- 
cing of shipments of new material 
from Main Supply to Subsupply West. 


TMSW (2) Lowest value in TNNME array. 

TNNME ( ) 19 position errav for transportation 
times. 

Canes ( ) 1C position array for transported 
quantities, 

m Jndsx representing TMSW (2) position 


in TNNME arrav. 

The above refers io the time sequen- 
cing of shipments of new materiai 
Were tai 5 0 001170 5ک‎ 0190000۰-0۳-17 


TMSW (3) Lowest value in TNNCM array. 

TNNCM ( ) 10 oosition array for arriva! times 
from procurement. 

νο I) 10 position array for quəntities pro- 
curen, 

JX3 Index representing TMSW (3) position 


in TNNCM array. 

The above refers to the time sequen- 
cing of shipments of new material from 
procurement to Main Supply. 


TMSW (4) Lowest value in TNNIM array. 

TNNFM ( ) 10 position array for arrival times 
from Repair. 

6 O 10 position array for quantities re- 
paired, 

ΤΧ4 Index representing TMSW (4) position 


in TNNFM array. 

The above refers to the time sequen- 
cing of shipments of new material 
from Repair Facility to Main Supply. 
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TMSW (5) Lowest value in TNRFF array. 

TNRFF ( ) 10 position array for departure 
times from Repair. 

QTRFF ( ) 10 position array for departure quan- 
tities. 

JX5 Index representing TMSW (5) position 


IM TNRF F aray; 

The above refers to the time sequen- 
cing of shipment of repaired material 
compieting repair and now ready for 
shipment to Main Supply. 


TMSW (6) Lowest volue in TNRMF array. 

TNRMF ( ) 10 position array for transportation 
times. 

QTRMFE ( ) 10 position array for transported 
quantities. 

JX6 Index representiag TMSW (6) position 


in TNRMF array. 

The above refers to the time sequen- 
cing of shipments of material to be 
repaired being snipped from Main 
Supply to the Repair Facility. 


TMSw (7) Lowest value in TNREM array. 

TNREM ( } 10 position array for transportation 
times. 

QTREM () 10 position array for transported 
quantivies, 

1X7 Index representing TMSW (7) position 


in TNREM array. 

ine above refers to the time sequen- 
cing of shipments of faileo material 
being returned from Subsupply East 
to Main Supply to await repair. 


TMSW (8) Lowest value in TNRWM array. 

TNRWM ( ) 10 position array for transportation 
times, 

07۳7۷۷۸۷۸ ( ) 10 position array for transported 
quantities, 

JX8 Index representing TMSW (8) position 


in TNRWM array. 

The above reters to the time sequen- 
cing of snimments of failed material 
being returned from Subsupply West 
to Mair Supply to await repair. 
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TMSW (9) is the value of TNDLM used 
in switching routine. TNDLM is the 
time for next demand to be received 
at Main Supply from local customers. 


TMSW (10) is the value of TNOWN 
used in switching routine. TNOWN 

is the time the next order for material 
is demanded at Main Supply from Sub- 
supply West. QTOWN is the corres- 
ponding quantity. Only one position 
is used as the order will be received 
at Main Supply before another order 
will be generated. 


TMSW (11) is the value of TNOEM 
used in switching rcutine. TNOEM 
is the time the next order for material 
is demanded at Main Supply from 
Subsupply East. QTOEM is the cor- 
responding quantity, Cnly one posi- 
tion is usec as the order will be 
received et Main Supply before an- 
other order wili be generated. 


TMSW (12) is the value of TNDEE 
used in. sviiichätg routines, TNDEE 
is the time for next demand to be 
received at East from customers at 
East. 


TMSW (13) is the value of TNDWW 
used in switching routine. TNDWW 
is the time for next demand to be 
received at West from customeis at 
West. 


TMSW (14) is the value of TNRR used 
in switching routine. TNRR is the time 
of the nez:t requirements review. The 
interval is an input valuc. 


TMSW (15) is the value of TNPR used 
in switching routine, TNPR is tae lime 
of next period review, All statistics 
are collected by period and the value 
of interval is an input value, 


TMSW (9) 
TNDLM 


TMSW (10) 
TNOWN 
QTOWN 


TMSW (11) 
TNOEM 
QTOEM 


TMSW U 


TNDEE 


ہم 


) 


سے 


TMSW (13) 
TNDWW 


TMSW (14) 
TNRR 


TMSW (15) 
TNPR 
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TMSW (16) is the value of TNDUP 
used in switching routine. TNDUP is 
the time of next demand forecasting 
update. The frequency of updating 
is an input value, 


Mean (Days). 

1 Standard Deviation (Days). 
@oststo Siva One Unit (Dollars). 
Mode of Transportation, 

The above refers to tne shipment of 
failed items from Main Supply to the 
Repair Fool. 


Mean (Days). 

1 Standard Deviation (Days). 
Cost to sup Once uoi = 
Mode cf Transportation. 

Tne above refers to the shipment 
of repaired news from the Repair 
Facility to Main Supply. 


Mean (Days). 

i Gtcndard Deviation (Days). 

Cost to Ship Guest niteieollars): 
Mode o: Transportation 

Tne above refers to the shipment 

ct failed items from Subsupply West 
io Main Suppiy. 


Moan (Days). 

i Standard Deviation (Days). 
Cos osm. One Dit Dollars 
Mode of Transportation. 

The above refers to the shipment 
of new items frorn Main Supply to 
Subsupply West, 


Mean (Davs). 

1 Standard Deviation (Days). 

Cost to Ship One Unit (Dollars). 
Mode of Transportation. 

The above refers to the shipment of 
new iterns trom Main Supply to Sub- 
supply East, 


Mean (Days). 

1 Standard Deviation (Days). 

Cost to Ship @ne Unit (Dollers = 
Mode of Transportation. 

The above refers to the shipment of 
failed items from Subsupply East to 
Main Supply. 


TMSW (16) 


ΠΡ 


TMU4 
SD4 
UTCR4 
501 6 


BI» 
SUS 
UTCRS 
ACO, AZO 


TMU6 
SD5 
UTCRS 
AM A34 


TMU? 
SD7 ` 
017 
A27, 8 


TMUS 
SD8 
UTCNë8 
A29, A30 


TMUS 
SIS 
ΠΕΡ 
A31, A32 





67 


Mean Repair Time (Days). 

1 Standard Deviation (Days). 

The above refers to the time a failed 
item will remain in the Repair Facility. 


Mean (Months). 

1 Standard Deviation (Months). 

The above refers to the Procurement 
leadtime variations. 


Mean time between demands (Days). 

1 Standara Deviation between demands 

(Days). 

The above refers to the external de- 
and being introduced at Subsupply 

ras 


Mean time between demands (Days). 

] Standard Deviation between demands 
(Days). 

The above refers to the external de- 
mand being introduced at Subsuppiy 


West. 


Mean time between demands (Days). 

1 Standard leviation between demands 
(Daves), 

Tne above refers to tke external de- 
mera being introduced at Main Suppl 


T arrays store the quantities cack-- 
ered and the time of backorder 

Est mou for up to 80 different 

requisitions from Subsupply West. 


the arrays store the quantities back- 
ordered and the time of backorder 
establishment for up to 80 different 
reauisitions from Subsupply East. 


The arrays store the quantities back- 
ordered and the time of backorder 
establishment for up to 389 different 
reguisitions from Main Supply and 
local customers. 


The total number of backorders that 
are presently recorded at Main Sup- 
ply. This number is used in the re- 
order point computations during the 
requirements review. 


TMU10 
SD10 


TMU11 
SD11 


TMU12 
SD12 


TMU 13 
SD13 


TMU14 
SD14 


TNBO (1, ) 
BOQF (1, ) 


TBO (2), 
ک0‎ 


w ww ΒΡ 


TNBO (3, ) 
BOQF (3, ) 


TOBOFM 
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An input array which contains the 
minimum values for the vertical 
scales for the Main Supply, Sub- 
supply East, Subsupply West plot 
routines, 


An input array which contains the 
maximum values for the vertical 
scales for the Main Supply, Sub- 
supply East, Subsuvply West plot 
routines. 


The unit price of a new item, 


Weight oí the item to be simulated 
expressed in pounds. 


Number of issues on time at Sub- 
supply West per period. 


An array tpat contains the period 
vaiues that are to be used in the 
plotting routines for Main Supply, 
Subsupply Last and Subsupply West, 


rn array that contains the period 
values that are to be used in the re- 
crdev point plot and the cost data 
plot, 


ihe lower iimit of the range of the 
incremental vertical scale values 
which determines, in conjunction 
with the upper limit, where a symbol 
will be plotted on ihe graph. 


The upper limit of the range of the 
incrementel vertical scale values 
which determines, in conjunction 
with the lower limit, where a sym- 
bol will be pictted on the graph. 


TSCAB ( ) 


TSCAT ( ) 


UNPRN 


WEIGHT 


YLOW 
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APPENDIX B 
REPRODUCTION OF TOTAL FORTRAN PROGRAM 
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---------- 


me س وو س‎ ee ee + ee we es e 


m mm. 


κ.κ. - nn m ہے‎ 


| ne 


‚PER - 


= REPAIR PARTS MANAGEMENT SIMULATION 


en er سا نے‎ rt 


سے ہے A‏ 


SIMULATION 7 


----- —--REPAIR PARTS MANAGEMENT 


— سے — |= ہے سے ی‎ -β-- S mary Wer 


2 INTEGER BLANK,EYE,SYM 
5و وت‎ = DIMENSION TNNMW(400,9TuWw(40 Y , THRWP ES09, QTPFVN(10Y3, TM8V(4A3 , TNNME(1 
4 103, QYN*E(103, TNRCM(10),Q7REM($0) , THNFM (183, QYNTM(C0 Y, QTNCH(10), 
5 - 2TNNCF($0y, TNHOCS,8B^53,BOQF (3, R0NY, TNRFE(T1GY , OTUFF (13653 , TNRHF (10), 
6 3Q0TPMF ($09,Y(400,26), 5YM(20Y , SCALFT(O^)Y, ΣΑΙ ΕΟ (202 (110) 
ο 7 CA Cm ۹ 9 ۶ - 
8 DATA BLANK, EYE, SYM/1H s{HI,1HAs SHB {HC 1Do 1HE, LHF 4H0,1HH, 140, 4HP 
_ = 9 LL 43 1H0, 4R» LHS, 1310 P 1"U,1HYX, LASPLMBLLESLPS 
٤ READI(S,100YN1, N2,N3S,NÁ, MEME )2,N8,.N9,,N190 
11 = 100 FYORMAT(21140) d 
12 FEAD(5,109Y(TEUVPT(IP), TEMPR(IP), IP s 1,20) 
m 4 3$-———-———.—-——READ!S,414$0) CTSCAYCUIP), TSGCAROCIF); IP 71,15) o a 
í E2D(5,$101)TMU1 3  SD11,UNPRN 
-- =< <= READIN 0 8  ھ‎ ۹59 
i6 READ(3,10n2) TMUT , SD? , UTCN7 
وو ےت‎ EN 0 ο 411 ۲ z - 
45 READ(S,102) YHUS » SB9 , VICKY 
——— —$9..-—---—--—- PEAD(O,102) Ἱμυό ι 506. ὑυΤζ26: --' m e m ت‎ en ee 
206 I RESDES,ın23 TMUJ4 , SNS , ۵4۵+ ' 
5 21 == READ (5,103) ΠΒ ; B° , #A y, AP αὶ RCP , RiT , م۲۷۹۱‎ ٥ 
22 854060159 ,1۵64(۴۳۱۹ 2,5012 17۱۱13 ۹5۹ 3 7۶ء ء۲‎ 
ہے وو سک‎ ~ fiEAD(5 211341442, 43,44,A21, A20 4A 7 ASA A CPLAPS,A25,ÀA394, 440, AJR 
24 READ(C5,112!345,A5,A7, ۸8:19:210:445 4190413140215416 4170 41۸۰ 
LLL DU ——— an on - 
26 READ(S 143 )KOUNST, KOUNED, G bE reHt 
293 Ro READIS,114)4254A26,A22 ,ADB ,229,2324 ATI sAR2 425,434 ΚΠ Α16 
28 1629 CONTINUE 
ae ہم‎ --- JF ¢€KOUNST, EQ, KOUNED) STO? 
30 FEAPIS τοι ἱ 
_— ...ہے وج ہد‎ Yr FEAD (6,405) QQDDY ,-HOCTPR; SMWT-, TNRR ,-TNPR. ,- TNDUP- 
32 101 FURMAT(S£ 10,2) 
- =- 33 1949 FORMATCSFSO.2) s= 
34 103 ۲00۲۸۲۸۲۲۱8۲ 14,۱ 
--. - 35 - 404 FORMAT(OF 40,2) š E Ξ = ze 
πό 165 FORMAY(7F 10,23 
ہے‎ -.. -37 --— —-409--- FORMATEOE IN Sy سا سے سے‎ — ms سحام سی‎ 
36 1f FORHAT(2F10,3) 
- 09 111 FOPHAT(345,FE410,2.4A45,.710,2) o --- 2 
41) 442 FORHAY (4645) 
ا امہ‎ $4 = IN οι τισ ιο ο ο -- Ν᾿; - ee — 
42 116 FORHAT(12A5) 
A AY —Á 445 ڑ0 14) ۱۸۴ئ۴ -۔۔‎ A nm nn nn A A A لہ م م‎ 
44 WRITF (6,60 YKOUNST At AS. A3.A4, HEIGHT CUBE. THULI, SD11,UNPRN, 
-— 4 3 121,422, A37, A35, AJP A N E -- | 
4 60 FORMAT(1F1//133x, 10H INPUT DAIA, 
ΙΙ. 43 —- = - $498SX,11HTEST NUMBER, TIS, 2X SH ZQUR Ba -— o 
6 6 ,76و2‎ AR ITEM, 
———-——49-—-—--———--—385;0X,14"NOHENCLATURE. «,445,4 5H( 13 AD 4 AB 4A4) 4 ————— 
50 δι υπο κ va AS O A 
=-=. —--- 94 -= BLES eT SMUCUDE(PACKAGEDY =, F622 2 seh (CuAE), 
Fe 67653366600 ۰ ar N 


In NORTHS TAF 6, 2 شس مت‎ Ya 


A PP m. - o 


_ — — اہ سس 


—-- 


— — — — > ———— — Í سد سد‎ — — a.m ۰ ی کیو بے‎ - -Ὁω ہم رجہ‎ a cr + < O A ees e m s mm rci Rte m 


A مه‎ ---ᾱ- ----.. -Ἕ جس‎ 


290ب  .‏ :4ت تتصمےم ہب Lr‏ 
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REPAIR PARTS MANAGEMENT SIMULATION 


53-—-- —--. ——__77 BY, 42HPRONUCTION LEADTIMEC1- SYD, NEV,- IN MONTHSS;F6,2,2X,6HtSD11) 
54 8, 
§5 -- سسس‎ 9/BYT ZAHRROCHRENENTIUNIT PRICE ZB 2 I THEUNPRNS ee nn 
56 1/8x,926HPROCUREMENT SAFETY LEVEL -,445,5HtPSL), 
BS] -. —-- ——~- 2/ BX, 3SHPROCUREMENT SAFETY LEVEL ADJUSTMENT, F6,2,2X, 5MHECtA JP Y,) = 
58 WRITE(^,61)345,A46,57,A48,A9,410,411,412, 4135 ^14,415, 415,A17, 415, A19, 
$5 9 ———— 4420, TMU5, SDS5, UTCR5, 425, 426, TVU2, SD2 ,UTCN7,327, ^2B, TMUB, SCB,UTCNO *- 
^C 2^429,430,TMU9, SD9, لپ‎ س١٣۷٢‎ τ΄ SD6, eet AO ΕΥ muss E 
bdo o — SUTCRA,ASS,A35 -- = =- —— nn - - -= =- 
62 61 FORMAT(SX,2494SYSTEM Ci SCPIPTION, 
63 — ---— 1/8BX 31 PLOCATIÓNS MAIN SUEPLY - CAS LINLASI AOGA AD). - o R 
64 2/21Xı 1 7 HSUR SUPPLY WESY 5,45, 16H A9, An, 11, A12), 
— 65 -—- - 3,24 X, A7HSUun SUPPLY EAST «,4Α5 47Η {44154414 ALS AH) 3 - m nn 
66 4/21X ,/17RPEPAIR FACILITY =,3A5S 47H(A17,A18,A19, 42055, 
A co 518 X ΟΟΗΝΕΝ MATERTEL MOVYEMENTS,/6X,6RHFROM Το MEAN(DAYS) 

AR 6 151) 5Εν COST TRANS, 76X,1 SHPEPATR MAIN,F&:? 
- 69) - -———-———-.7,106H st TMs) .F5,2: BH ¿(SDS ,F7,2, 9H SCUTCRD*34X, 245; /6X 01 SHA 
70 BIN ESTES SION OES GEO. RH /08D07) 187,2: 34 ZWTENTS, 
—J4-—-——————94X,245,/6X,13HMAIN-  - EAST, 6,2,16H /(TMUR): ,F6,2, 88۷ (508): 7- 

72 1,2, 9H /(UTCU3,4X, 255, /44Y ,29'"'RFPATIRARLE MATERIAL MOVEMENTS, 
ZEE 9 Joy P 7 VAIN, FA, 2 A FUIMUS ,9و ,۶68م‎ ۰٘۹ ۶“"۶۶۱۱۳ 
74 SA(UTCRS),4X%,7A5,/6%,L SHWEST MAIN,F^,2,* 6H /(TMUA) +ھ۶‎ 071 
-75 ----—---- :4(SD6) 467,22 DR /(UTCR6),5v,2A45; 76X,43FHMAN PEPAIR,F6,2 ,140H (ΤΗ 
76 604} prise, fr <dSD4y ,F7,2, 9H P(UTCP4y ANAS: } 
E U WRITE C6, OZ SRR YAP, AR, AP,QCP,TSUIEO,SDO15,PLT,A25,A24,A 399, A 4n , AJR —— —- 
78 62 FORMAT(SX,11HREPATIR DATA, 
—79 ——— -4/8X, 856HACTUAI PERCENT RETURNED F^nR REPAIR -,F9,2,2X,4H(83), 
Af 2/8x,39M4PREDICTECDO PERCENT RETURNED FOR REPAIR -,F5,2,2X,4" CP», 
B4 — ——-———-3/8Y,S83C"^CTJAL PERCENT SURVIVING REPAIR =-,F5.7, 7X. IH Ak), 
82 ϐ4/δὺΥ ع6۲۵۸‎ 0٥۲۲۴6٣ PERCENT SURVIVING REPAIR ©, F5,2,2¥.44(AP), 
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92 4/89 ¿OHTAST z.F7.3,2 X, 32HMEAN TIME aETuFEN. DEMANPSLIMUA23, 
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95 .—.——————44/16X,F7,13,09X.41H1 STO, DFEV: -IN DAYS RETXEEN-DCEMANDSISD13),-— — -- 
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Eb —-— IO RS UA ON RECO ROSA RCA ο ο ο. و اچ 6ع ۲606 6م بر6‎ O | 
106 6/8X,43HTHE LAST 100 PERIODS ARE DISPLAYED ON PLOTS, 

2:07 0070777 7/8X,44HRANDOM NUMBER GENERATOR IPITIALIZED VALUE(tIY, 112) ——- — 
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110 LRC e ANUC >» ATNC œ ATȚRC 8» ATC .,) 

CU KA een کا‎ ο πο, 


122 HOCTR s (HOCTPRsUNPRN)/1nO 
ος τι - AN τιν en ο ee mer 
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BIENEN E AS 10 0۹3 ١30 770 01 00 = προ ο ο. 
1165 NOHE = 2,0 #AMGDE Š 
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119 = EC CHW = NAWY i em mt ο αν το ο οσο ος 
120 6 4 7 
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2993 .-—-——— —- PSL e PEVCI s¿(TNRR /-35,.,0»9 v AJR -—— =e وس‎ mn m aaae e- 
124 PSL s DEMFOR siTNER / 30.05 + AJP? 
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128 σορτς τις 
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130 PER 2 τσι. 
1 PIRC =+ n.b - — س — سا‎ --- 
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اہ ا‎ |... ANUC ۶۷ ου ےا وا ا ا ا رر‎ l Y 
136 PNUC = ۷٥0 
157 Zn CAPC Y 65. n -- —- — -— سے‎ ------- --- nn 
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151 : ΑΝ > 0.9 - - = - -— —- = = اما انات ر ما ا‎ A XA A q -- - 
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—264—— —— —— — KÜUNT-s--0 ————— V nnDF—ph— 
262 DUEW = DUEW = OTNMU(JX1) 

ne ee SJ o_O 
264 PTNC τα PTNC « UTCN7 * OTNHMW(JX4] | 

—265-——— - TNNMM(JX1)=6 999999,9 ———- —[—Wa⁄ZA⁄— — 
266 QYNMM(JX1) = 0.0 
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270 SELT = OHN f 
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284 205 CONTINUE 
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—987 ——— 29 7—---CONTINUE - . ح‎ ΛΠ Ὁ A 
288 206 "۸ٰ ٦ i 
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--- 344 Ξ € een - ce e ccm cu - -- E: E a= — š 
314 C EVENT #8 TIME NEXT SHIPMENT(NEW) FROM MAIN YO SUB SIIPPLY FAST 
315 C 
316 C 
317 254 CONTINUE 
346 TIME * TMSH(2) 

E346 — Y QUIN Y we 0 I mn -- - 
320 NUEE =» DUEF « QTNMF(JX2) 
374 NHE e OHF ο ΟΤΝΜΕ(«Χ2) 
322 PYNC s PtNHC « UTCNO8 * QYTNMutJYX2) 
323 TNNMELIX?Y * 999999,9 
374 OTNME(JX23 ع‎ ۷٥ 
375 ο κ ۱۲۶۲۰۷۷۷۶ ۵٥ ΠΩ 
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337 ۔ ۔۔۔ ۔-۔‎ PO 955 NO s 4,NELT - - A gez - -- 
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XY s ΤΝΝΜΕ(ΝΡΙ 
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NO 396 NP s 1,10 
PIFCGTNMW(NP S EQ, 0) GN TO sn” 
CONTINUE 

OTNMM(MPy = TISS 

os soto sonda 
INNMUSKP) e TIME 9 ΙΤ 

69 TÓ 363 

KOUNT «© ϱ 

DO 341 NO s f,NEL 

tF tRCMETDY,GT,BBy GO TG 319 

KCUNT s KOUNT +. 4 

60 TO 3114 

CURDM z SURDM * $n 

GO TO 379 

CONTINUE 

RNEWL x RNFWwL © ¢,6 

SKOUNT s KDUNT 

OHMR s ONMR « SKOUNT 

GO YO 303 

DI Sis HP x 4.1 i 

IR EQTRMECNP) ED 0.0) GO TO 314 
CONTINUE 

QTAMF(NP) s T[SS 

aur ہی شی یں وروی ہی ہوا‎ 
TNNMAE(NP) e TIME » T 
nI TO 303 

Jy4 a Í 

ΧΥ α ΤΗΝΕΜ() 

DO 317 NP s 1,10 | 

IF COXYS TNNFMONP 3 3 ,GE O00» FO ۲۹ 744 
GO YO 3417 

XY xz TNNF'"(NP; 

JX4 = NP 


' CONTINUE 


TMSWi4) 5 TNNFMLIXS) 
JX sms 
yY a ΥΝΜΡ {4 


DO. 339 NP z O 


IF COXY<INNMWENP)5.GE,0.03 GO FS 23:92 
GG TO 319 

ΧΥ wu ThitweNPy 

JX1 s NP ۱ 
CONTINUE S - 

TMS¥ C13 s TNNMWUCUJX1) 

JX? <= i 

XY = FNAME (SY 


308 
307 


311 


329 
31? 


313 
314 


le 
ya 
Wi 


348 


—417 


418 
419 
420 
424 
422 
423 
424 
425 
426 
42} 
425 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
45, 
444 
442 
443 
444 
445 
446 
457 
248 
449 
459 
451 
452 
453 
454 
455 
456 
457 
458 
459 
46η 
464 
462 
463 
464 
£65 
446 
467 
468 


t 
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REPAIR PARTS MANAGEMENT SIMULATION 


DO 394 NP »«71,10 اج‎ p D: 
IFCUOXCYS TNNHE(QNP)),GE 0,0! 60 TO 32h 

60 10 821 

yy s TNNME(NP) 

JX? a NP 

CONTINUE 

YMSW(2y o TANME(JX2) = HÀ s 
JX3 s 1 : 

xY w ThNNCM(1) 

DO 323 NF »x 1,419 

[FCUX TS TNNCHUNP y 3,65 04.0) 60 TO 322 

00 10 3253 

XY am TUNCH(UNP | -- - - -— 
Jx3 = NP 

CONTINUE 

TMSH(3) & TNMCM(JX3) 

GO TO 454 

۲٢۲۲٢٢٢,6٠80۵۸۶ 91ل ر۸ل)‎ Gn TO 327 

ROOF(JA.JB) 5 ΒΟΩξΡ (άν 98) = nHM ---- 
1IF«:R0QF(CJA, J8y) ,LE,0,03 TNBO. 44481 ε 99099990 
TISS & OHM 

TOROFM & TORO! < OHM 

OHM m OLA 

Γρ ٤ 

KOUNT w 4 s 2 سح‎ 
DO 376 NQ ë 1ص‎ 

IF tRCNOLY,G6T,ER) G0 TO 125 

KOUNT e KOlINT ο 4 

σα Τὸ 32% 

SURDM a SURDM e» 4,0 

00 109 328 T — : - 
SGGNYINYE 

ONCHL s RNFu. è 1,0 

SACUNT £ 1۲٦ 

OMMA $¢ CHMR + ) ٥٤07٦ 

GO TO 315 

YOROFM مم‎ T^gnfH - ROOF (JA, JO. — کے‎ 4 — ee س‎ 
OHM = OHH © AOS Ewa, JABS 

TNBQ( UA, JB) s 999995 ,7 


NELT «s BOQF (JA; Π) 


ROF JA, JR) a ۵۶9 
60 TO 309 


EVENT ea FIRE NEXT SHIPNHEST Exp as EFSLIR FACILITY 


CONTINUE 


YNREF CJX5) 3 999999,9 
NYEMP 0 ATREF (INS) 
0۲۶۲۴ کززرل)‎ (۲ a 0,0 


——-Y|^E a TMSu(8) 


320 


321 


322. 


323 


328 


- 227 - 


= CO O O (CX 


04 


324 


—469 
470 
474 
472 
473 
474 

~ 475 
476 
477 
478 
479 
ann 

—4R1 
452 
483 
484 
485 
4^ 

2-487 
48 
449 
490 
491 
492 
493 
494 
495 
496 
497 
458 

— 4909 

560 

SRI 

502 

Ons 

564 


Enen 


556 
507 
556 
599 
513 
-544 
512 
513 
514 
515 
546 


a) > 


546 
510 
520 
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REPAIR PARTS MANAGEMENT? SIMULATION 


——— =- KOUNT = 0,9 — a en ہے ہہ‎ 
DO 403 NP s ft,NTEMP 
XY a RCH(1) > 
IFIXY,GT,AA) GO TO 402 
KOUNT = KOUNT 4 4 
GO TO 403 
402 SURR s» SURR » 1,^ το τι τοπ —-— ہلحم سا‎ — = © 
DUFR ھ٭‎ DUFR m ٣۶ 
403 CONTINUE E ΠΟ ENDE 
IF CKOUNT,EQ,9) GO TO 449 
DO ^05 NP z 4.10 
IFCQOYNFNEN?5,E0,9:9) GO TO anf 
----- 405 CONTINUE EE LU τσ οσο ο 
404 OTMEMCNES s KOUNT 
PRC =< PRC < tINPRN e RCP a OTHE MENPY 
KOUNT z 8 
T a ((92,094LOQ(RCM(1)33*9*, 54 CCSt86,2^A33R8CHM Ely y y e SD5 e YMUS 
YNNFH(NPy = TIME + T 





——— س‎ n 4 - n m a ا س ا‎ 


XY s TNNFMÍ1) 
DO 402 NP 2 1,15 
IFCUL Ye TNNFH(ONP 3 3, 65,0,0) 00 TO 494 
-60 TO 407 
404 XY s YNNFM(ND) 
Di es ND : m omm mos mom mM s mm s τσ 
407 CGNYINU£E 
-YHSM (t4) u TNNFMEIXA) 
410 CONTINUE 
JX5 ë 4 
ΧΥ ε TNRFF* 1) 
— -—phO0 ANY NP xç 4,10 --------- A A A A ا س‎ = 
۶۷×۲۰ ۰۹۰۲ 0.0) 29 Τὸ 408 
GO TO 409 mn "E = 
408 XY 3 TNRFF (NP) 
JX5 = NP : M EE 
419 CONTINUE 
——-—-——--—'3HSW(5) ۳۰و‎ XS I - -=> en nn ee - - 
00 TO 454 
354 CONTINUE i A نم ے‎ --- - - 


EVENT | en ἘΝ NEXT RECEIPT AT GEPA IF FACILITY 


ca Q O G c: > 


-YIME «s THSW(4) = - - 
PYRC we STRC s UTCR4 n GT ΠΠ 
QTY » GYRHF(JX6^) -- — + -----. ---- ہس سے‎ 
OTRMFtJX6) s 0,0 

+ AN RM GIA οσους ο cc n —— سو ھا‎ 
JX6 s 1 

Deo —— — XY s TWRMFE(D) mn nn m nn nenn M- 

DO 4535 NP e 15410 


—52t 
522 
523 
$24 
525 
526 

97} 
528 
529 
530 
534 
532 

2:533 


534. 


535 
536 


537° 


538 
--: 39 
540 
531 
542 
$43 
544 


--B5Mb5. — -- 


546 
- 547 
548 
549 
550 


س2 ۹ — 


552 
553 
554 
255 
556 
— 557 
558 
72559 
Sod 
564 
562 
—563 
564 
565 
566 
567 
5^8 
— 559 
570 
571 


572 
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REPAIR PARTS MANAGEMENT SIMULATION 


IFC Y > TNRHECNP 33 ,8E 0.0) GO τὸ 15 

GO TO 453 

XY x TNRMF (NP) 

JX^ ç NP 

CONTINUE 

TMSW(6 & TNRMF CJX6) 

PO 454 NP e 1,2% 

IF (OTR SES ONE) ED. 0) GN TOFESS 

CONTINUE 

QATRFF (NP) ° ATT 

Y & ((»2,0292L 08(PFCH^ (1995229, 52CD5(6, 09A T 4RCNCT* ) 5SD10n»« TMU40 
TNRFF(kpy e TIME +». y 

JX5 = 4 

XY = TNR'F (4) 

DO 457 NP e 1,15 

IFCEXY-TNRFEFEINPYY.GE.G.dI CO TO 454 

RO Ta 457 

XY e YNRFF (NP) 

NP‏ = کت 
CONTINUE‏ 
THSKCS)‏ 


a T1NPRFF(JX5Y 
CO TO 154 


EVENT «* TIME NEXT SHIPMFENYCREPATRABLE) FRAN SUB SIIPPLY EAST AT MAIN 


CONTINUE 

TIME 2 TMSWET7) 

GCHAR e CHMR a ہ٣ 7ڈ×ال) اع‎ 

RNEVL s RNCWL « ATREMEUK7 9 

PIRG = PTRS + UTC, © مزں ٭۲ح8؟جل‎ 

9'REMCUX7) s 0,0 

ENRER(UX79 3 990999,2 

χο... 

YY ea YNGSEM (14) 

DO 5^3 NP s ۷ء۹‎ 

TF OOK e TNRE*" / KDy s ΠΕ ë 65 60 τὸ 502 Ξ 
60 T 503 

XY = TNREMINP) 

JY? e NP 
CONTINUE 
TMSH€?) 


* TNREH(JX7) 
60 TO 1451 


EVEN] hs TIME NE X1 SHIPMEMEtLAFPA[RARLE y FROM SUA SUPPLY WEST AT MAIN 


٢۴ں‏ 1ر۴ 

PIBE 3 77 

CHEN B CHA , GY2WM03XS y 
ο) Εμ < ۶8۷۲بام٥‎ ٣۴٣4ا) مل‎ 


452 


453 


454 
455 


456 


457 


a OO O0 


50? 


H 300 cai O 


55 


573 
574 
575 
576 
577 
578 
579 
sen 
581 
5^2 
SAJ 
5R4 
5R5 
586 
557 
5R8 
5A9 
590 
591 
592 
593 
594 
595 
596 
597 
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REPAIR PARTS MANAGFMENT SIMULATION 


625 PTRC =œ PIRC + UTCRE e OTRUMIJXS) 
626 QTPWM(JXR) 5 D.G 

627 TNP4HM(JX8) = 999999,9 

628 زرل‎ x 4 

629 XY 8 TNRWM(1) 7 
630 NO Soo BP 5 1,10 

634 IFCLXY-TNRWMINPYY),GE,0,0) 00 T9 55? 
632 GO TO 553 

633 E XY = YNRWM(NP) 

634 JXa = NP 

635 557 CONTINUE 

636 TMSW(5) < TNRWMEUXA) 

637 GO TO 94514 

654 C 

639 C NE 

640 C EVENT “e. TINE NFXT NEMAND MAIN SUPPLY FOIMTELACAL) 
644 C 

64? 6 

643 601 CONTINUE 

^44 TIME r TNDLM 

645 CURDEM x CURDEM 4. 1,^ 

646 PROM ¢ PRD» + 1,9 

647 PUnM ع‎ PUDM « 41, 

648 ۲۲۲۲۰ ۲ٔٗ ۶ی‎ TO 604 

649 nC ens NO = 1,89 

650 ۲۶۲۲۶ ۰۰۰۹ ۶ ٰ 60. Tn 40? 

EUI CONTINUE‏ ۹م 

652 $0? FORFCS,NO) * 1.0 

é53 YNFO?23¿NN) = TIME 

454 YOROFM s TOROFM + 1,0 

655 50 TO 6 

656 ^04 CONTINUE 

65? FRISSM s PRISS" ھ‎ 90 

658 FUIOTM > PUINTM + 1,0 

659 NAHM s OHM « 1,hf 

640 ΧΥ ε Ηζμεῖ!) 

6^1 [ΕΤΗ 50 το ος» 

652 ᾽ AHMR = OHMR مھ‎ 1,0 

663 RNEWL = RNEWEL + ۴۶ 

66 < GO TO 606 

665 £05 SURDM » SURDM + 4,0 

656 696 COMTINUE 

6^7 T 5 ((72,05ALOG(tRCM(133325,5560S5(5,0728«22H8€Ly 9 y eSD14o TMUM44 
668 YNGLM >= TIME ο 7T 

659 ۲٢5٢٢9١۱١ ٭‎ ۲٣۳ 

676 ου 151 

674 C 

47? C 

- 673 - C EVENT az TIME NEXT DEMAND FROM SUR Tier LU WEST AT MAIN SUFFlY FC {nT 
674 C 

675 C 

676 &51 CONTINUE 





REPAIR PARTS MANAGEMENT SIMULATION 


—677 ΞΕ 0 db em ας. ο ο τος -- 
678 TNOWM = 999999,9 
679 TMSu(10) s 999999,9 
680 CURDEM E CURDEM y OTOWM 
681 -—- PRDM sx PRDM e 1,4 
682 PUDM x PUDM + QTOWM 
—6838 --—-— -- $F ¢€OHM,GT,9,N) GO TO 652 ---- eom eee ocu ----- - 
684 BOY = QTOWM 
- 685 GO YO 653 
686 652 IFCOHM,GE,NTOWM) GO TC 656 
-- 6 R7 i PRDM s PRDM è 4,0M 
688 PRISSM rz PRISSM 4 1,8 
“ERC — PU ο ον. OHM κ νο -- 
699 ROT E TOWN e OHM 
- 694 - SHIPW = OHM 
692 QTOWM 2 δι 
-- 693 - 653 CONTINUE 
694 SUM = N, 7 
EADEM ----------ᾱ- . T0ROF^M 2 TOBOFM + BOT - - X > = e 
696 DO 654 NO ج‎ 4,۶۸ 
697 ~ IEEBOGFELISNGY. LT. 1.0) GO 70 655 
698 654 CONTINUE 
699 - 655 ۶۷۸۵۸۲۶۰1۰۸٥0 = BOT 
700 RCS OD 
—2fi1.—— ————-- -- . TNRO (14 NO) = TIME : = ہے ہس ۔‎ - -- =- = σσ: 
702 GO TO 657 
—2n3 - 656 OHH =w OHM © OTONM 
704 ORISSA >= PRISSY +. 1,0 
705 SHIP s GTOWM 
266 PUTIOTM s PUIOTM +> QTOWM 
—707.--— — -.- ATOWM < N,N : س‎ 
708 657 CONTINUE 
209 - - .- CG 658 NP = 1,310 
710 [t COTNVW(NP),LT, 4,0) GO TO 659 
- 714 - 6^8 CONTINUE 
712 65% KTNMUENP) e SHIPW 
A : CHIPW e 9,0 ا‎ - «ος um. μες 
714 T x ((*2,09ALOG(RCM(T) ) 599,52 C6S(4,283*R^MLTIS ))38D72 37 
1105 TNNMYENP) e YIME è T un E 
716 JX1 REN 
=~ Jaz Ξ- ` XY z YNNMW(1) 
718 DO 661 "1 ع‎ 1,19 
—7499--- ----- —-— ۱۳۲۲۷ )۴۲۷۰۲۵۱۳۷ ۲۱۷۵۳۱۰۱۴۵۰٢۵۰٢٣ GO TO 468 Zn aa = 
20 GN TO 661 
7941 -  &6^ XY = TNNEWONGD) ہے‎ πο τς K a ee - ------- 
722 0 6 
723 ón 4 CONTINUE 
724 TMSWiL) 2 TNNMU(JX1) 
—225---=— — - GO TO 454 E Pese: Os ; 
726 6 
727 G | — 2 Es da S مد ما‎ 
728 C EVENT se TIME NEXT DEMAND FROM SUB SUPPLY cCaSTe AT ΜΑΙΝ 51551 y Pp i IK) 
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REPAIR PARTS MANAGEMENT SIMULATION 


CONTINUE ED oU | کی‎ 
TIME = TNOFM Ν 
YNOEM a 999999,9 m e — 9 nom cmm s lo 


YMSWt11) e 999999,9 


-CURDEM « ΟΙΙΗΓΕΜ ο DTOEM m y 


PRDM e PRDM € 4.9 

FUDM e PUDM « QTOEN 
l£,tOo''M,GT,n,t6) GO TO 702 
801 e DTOEM << : 
σο TO 703 

ο ο GE BETEN CORE en nn ο 
PUIOTM e FULOTM + OHM 
PRDH ب‎ PRDM e 1,0 
PRISSM s PRÍSSM 4 1,0 


- - - : a - — — 


ROT a QINEM « OHM : mmm E. 
SHTPE u NHM 
OHM B B, ooo A — A س س س ا اا س ا سے‎ 


QTOEM a A, 

CONTINUE | 
YOROFM a TOROFM è ROT 
PO 703 NO «:1,80 D A A A ΠΠ; 
IF(G800* (2, H0y,.LT. 1,09) 0 705 


- CONTINUE AA A so m mM ee س‎ $ 


PO0F(2.N0) = BOT 

80۲ سرد ۶ء‎ | — 
TNBO(2,NNY = TIME | 
60 7 DLL E — ts 

CONTINUE 

PRISSM a PRISSM e t,vay=—— —- ————- -- -- -------- ----------------- 
PUIOYM = PUIOYHM ھ‎ ٣ 


OHR = OHM e OTOEM a رر ےتا کے‎ 
SHiPE « OTGEN ° 
QTOEM ہب بت ۶ ٭‎ o M m emn 
CONTINUE 

. PO 768 NP s q /40.-——_— 2m -——— n TT 


IFCOTNVE(ONF) UT, $1,060) 00 TO 709 
CONTINUE Ξ a a νεος ο πα... 
NTNME(NP) @ SHIPE 

SHIPE ھ٭‎ 0,6 ci سسس‎ νο rom 

Y « ((72,05AL OG4 RCM(15553*9*, 857 COS (6,28 Se RCM CTI * 3 DAS Y MUR 
TNNMELNP) o TIMER 1 m c LEE us o, 0 





JX2 * 4 

ΧΥ υ YNNME(1)| νο وچ‎ ο ο ο am ο MEE 
DO 7141 NO œ 1.10 : 
۱۶۲۷ ۷۷٢۸89۸ ج۱۲۶‎ 4 ۸6۲۸۰۰6600٣۹۰۰۹ ιο. - ---υῳ----ς 
GO 74% 
Y TIME AA A nee 
JX? s NQ 

CONTINUS Je nn... tu. 5 


YMSHC2Y ο YNNME(GJX2) 


“- 


e مس‎ 


a ee -? 9 5 


a ma oa 


745. 


711 
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REPAIR PARTS MLNAGFEMENT SIMULATION 


007100151 E WD c MEDIE ا شر ا ا‎ Tepsi s 


CONTINUE ms nos mem mm sco 9M nn m mn nn en 
TIME 2 TMSW(12) 

CURDE sx CURDF » 1,9 | u a 
CURDME s CURDMFE » 1,9 

IFtOHZ.GE, 1,0) GO TO 752 

ROFE = ROfF « 4.3 

GO T 759 - m s > nn mn -— 
OHF as OHF z 1,7 

ESS η: ο... | Says, | sae: 

XY x RCM(!) 

IFCXY.CT,BR, G0 TO 755 

DO 753 N? s 1,19 

IFtOTREHCNPy),ED,6,n) GG TO 754- s pee e ue Sc ee 
CONTINUE 

GTREM(NPY u 44A : i 

T = ((=2,.0šsALOGI—(FGM—(1)i , sa 56COSt6, 283sRCMt(11Y)Y8aSD9+ TMU 
TNREM (NE) E TIME + T 

IF eTMREM¢NP)VLT, TMS s an ro 756 


GO T0 259 و‎ ΤΕ: 


SUFD* k SURDE + 1,0 
GO TO 759 

ο‏ نت 

XV z TNREM(1) 

UO 7G NP sz 1,10 


- IP ((XY=eTNREMI(NP) ,GE,0,0y GO TO 757 —-- - ---------- ---- --. 


Gy In 758 t 
XY æ YNDEM:NP) ο ο Ze ہے‎ S 

JX Un NP 

CONTINUE 

TMS) jee INHE"CJX7) 

GO IK JE تع جس‎ νε — ves circ Ey EN ex 
Y = {(592,04Α|00 (CME) es, 09۱6ء‎ 2A3H RCM EL ye SD 122 THU12 


" TNDEE « Ti"E < T = 


TMSut1?) = TNDEE 
ROMTE s 2,0 *'MODE ے‎ ۶۴ - - 
IFCCOOHE »- PUFE),GT,ROMTES δρ TO 744 


260 ۴0۶۷۷۰۰۰5۹۸۷757۸ ONE = DUE A MODE == A 


ATOM π N2TOFM 

TNOEM m TIVE <+ 14,0 |I = کر رر‎ 
DUEE a DUER > NGEM | 
TM3SH?$41) a TNOE™ ZEE eM ` ==- -= = ہے‎ 
CONTINUE 


“63 ۱ء۶۹۹٦‎ N cc M ns, جا مت‎ = 


EVENT #* TIME NFXT DEMAND FROM EAST AT SUB SUPPLY EAST 


751 — 


C 
C 
C . 
C 
7 


C 


- am ~~ — — 


752 


A a X o a e ass 


755 


756 


ΠΠ; 


755 - 


> 


EVENT “e TIME NEXT DEMAND FROM WES} AT SUB SUPFLY WEST 


ΑΕ .ὙΘΩΝΙ 


752 
783 
784 
785 
786 
287 
788 
789 
790 
794 
792 
793 
794 
795 
796 
797 
798 
799 
850 
en 
8N2 
8n3 
854 
8n5 
856 
8n7 
8^8 
8n9 
810 
811 
812 
813 
814 


815 ` 


816 


NU ------ 


-- 


οι; 


848 

«9 
820 
821 
822 
823 
824 
825 
826 
827 
828 


-829 - 


830 
831 


832 
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REPAIR PARTS MANAGEMENT? SIMULATION 


Any CONTINUE 
TIME s TMSV(13) 
CURDK sr CURD è 1,9 
CURDMW e CURDMw + 1,0 
1$ COHW.GE *.,n) 6^ TO 8^2 
PROF pk a BOFW « $,4 
GO TO PnQ . 

RO? رہہ‎ = Dry © 4,/ 
WISSZEZETISS « 41,9 
XYY ς را سب‎ 
IF(txY465T.BRS, G^ ΤΟ 955 
DO ANS AP r 94,14 


۱ ")۷ئ۶۲‎ ۶ GE TO And 


AN CON TISTE 
A04 +0 )- ۷ 


T s ((-2,0*4ALOR^(tnCv(13))**,5*COStE ^, 223 4RCMUES ) y eSDA S TH 


G^ YO 8^6 


Γη Τη αρ} 


۱ 


۳٠۶ ۱ی سس‎ e T 


GO TO ANO 

R25 SuPD4 = SURD + 1,f 
A OS 

ANA ΧΑ 3 1 


YY s ΤΝΕ ΑΜ) 
LO .. -“+ ۰۳ 
Γρ ΥΕΝ ۶ 
SO PARRA 
AQ? YY 5 TARWMENPY 
JXR s NP 
808 COMTINI'F 
IMSuta) 9» TNPWM CUOIXR) 
R nq CONTINUE 


1 : (too. eAZLOR(PRGOMCT) y 3 «»", 5aCh St ρα ο πε αλλ ρε ντος 


nn TO aya 


TAN ΤΕ ΤΙ 
TMSWt13) Στ ۵۸ 


DQOMT.; x 2,^ +. Ανηῶν م‎ 80٢ص‎ 


) 


ITP (COHW » DUEWI.ST.RNMIM 


NOTOWM s RO«Ttw -tOÜHW e DUEVy + AMONG 


EVEN? e* TIME NE*XT REQUIREMENTS REVIEW 


TOROFM 


* 


DT^WM 2 NOTOMM 
۹ απο E + 0 
PUFA = PUEW + ATOWM 
۶۹ ο NOA 

Aq? CONTINUE 
60 76 351 


> .3 O 7O O 


51 CONTINUE 
TIE = TMSW(44? 
PPFP 3 PIT OU ΤΕ FOR απο. 


833 
B34 
835 
816 
A17 
835 
8539 
Ban 
841 
542 
843 
Bad 
6 
B46 
R47 
848 
649 
B5n 
B54 
857 
653 
854 
855 
B56 
857 
85^ 
B5 9 
BEN 
841 
852 
BAR 
8ό ά 
BAS 
8^6 
8^7 
RAR 
8^9 
870 
871 
872 
R75 
374 
875 
874 
677 
67a 
879 
BRO 
7 
BR? 
883 
BAS 
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REPAIR PARTS MANAGFMENT SIMULATION 


PRP a» PIT e PEYFOR SPSL  ΤΟΗΟΕΗ 

NEOG s ((24,9*0RDCT*DFMFORe(4,7 CLAPS»RPY))/(UNPRNeHDOCYR) )*5*,5 41," 
HARDA s DUFR è DUFC « OM 

MINEOO x DEMFORs(1,0-(APSRPy)eo 3,0 

FXASPP εκ HARDAa4(APeOHMRI,(APaBPy 8DEMFOPeL(PLTERLY, 
IFCNEODTIUTOMINFECA) 0 TO AS? 
F00 = NENQ : 

GQ TO R53 | ` 
FOn w ΜΙΝΕΟΟ 

CONTINUE 

NREON e ((24,S<0RDCTEDEMPNReLDe Ef, 0 PEUNPRN®HUNCITR) 588,509 ,0 
M|NQEQ a ۴۲ص8۴‎ 0۶ ھ2۰9٥‎ 9۶۸ 

IF LNREOO,LT, Y IN2REO0)GO TO BAN 

REOCO » NREOQ 

GO TN 667 

PEDO s MINREN 

CONTINUE 

IFtEXASPP,GT,PRPY 60 TO ۶+ 

DO 654 NF s» 440 E 

'FCOYRAEF(NP,,E5,6.55 G0 TO R55 

CONTINUE 

QNYRMF ENP; æ CHMA 

OHMR s ne 

IF eQTRMe CMP YEN ALA) G6 YO A71 

Sos O22, G8ALOG (ACK (1) 9788, 58COS (6. ARETE 04ےے(‎ ۹۶ 
TNRMF (NP) n TIME + ? 

DUFR w DUFR « QTRMF(NPY 

JX^5 r ` 

XY = TNRMF (1) 

DO 6857 NF s 1,10 

IFCCXY - TNRME (NP) 3 GE.0,0 3 60 TO ASS 

GO TO ASF 

xY s |NFME INPN 

JA s NP 
CONTINUE 

TMS} sg TNPHT (UXA) 

CONTINUE - ا‎ 
Ρο 452 MP s 1,10 


CONTINUE 

NT s PR? - EXASFP 

AT s NT 

OTNCHiNPy BEG © AT : : = Ξ 
T w (e208 ALCU( RUM (fy yyee 5sC Sto, PASAPCMC isso *SDiieTY¥U1s 
TNNCM ERP) < TIME * (Te30.) 

DUFC = DUFC ο 9j; NCM (NP) 

+2121 

XY & TNNC"(1) 

DO 841 NP s 1,10 = - 
I6 CCX Y  TNNCM (CUP) 3), GE 0,0» GO TO 56^ 
60 TO 663 

XY ® ΤΝΝΟΜ(ΝΡ) 


657 
A53 


R8’ 
R82 


a54 
855 


R56 


857 


A71 


ASA 
A59 


-: 
BA6 
8^7 
8^3 
889 
890 

— -891 
892 
893 
894 
855 
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JXI a NP πο er کا‎ 
CONTINUE 

TMSWt3) se TNNCM( 5X3) al A 

GO TO 869 

QTYTEPs0,0 

TET[M e TIME © RLT 410, 
Do 872 NP*1,10 

IF CQTNCMENP),E9,9.95 GO TO B72 
[FP CTE TIM GI OTUNCMCNP yy) GN TO 872 
00 « QTYTEP + OTNCHL(NP) 
CONTINUE 

HASDA z HAPDA + ATYTEP 

IF CHARDA,LE,RRP) GO TO 843 

Go rn 969 

ΝΤΕΡΡ a RENQ e (PRP- HARDAS 

TEMP x NÍEMP 

IF COHMR,LT, TFHPy GO TO B^4 

QTYTR ε TEMP 

OHMH s QHMR = TEMP >. o. > == - en 

0 Τη &7n ۱ 

OTYTR مھ‎ CHM 

On R= 0,0 

CONTINUE 

DG 645 NP 1,45 


- ۰ — --------- E — - A < - == — ہے‎ - _ 


TF COTRMF ENP), EO,9.%) GO YO MAS سے سے ہہ‎ oo | ` 


CONTINUE s 

ΩΤΡΜΕ(ΝΡ/ © QTYTR : 
ο το 7٤ 

JIF(OTRVF(NP.,E0,6n,^» GC τὸ PAY 


Toe (2, Q08ALOGEKS linden 5960865, 2s RZM. U 
TNPMF OND) ΞΕ» ο ο m re 


UFR = DUFR + DTPMTU (NPC) 
qu > 4 = e ers Β E = A m = 


XY ο INRMF (9) 


“Πο τος ΝΑ πο.) = 


۱٢) (۶ی )2 ا٢ے ۳تز)‎ 1,6۴ 0 ۱ ° I9 8^7 

60 ΤΩ RGA ac = ہے ت9 کے ات‎ ᾿νε... T 
xY e FNRMPONP 

JXA a NP 

CONTINUE 

TMSW(6) => ΤΝΗΜΕΙ.«Χό) 

CONTINUE 


-TMSWO145 = TIME ç TNRR -> m 0 


60 TO 45t 


EVENT == TIME NEXT PERIOD RF view 5 se 


CONTINUE `x 
TIME 2 TMSW(45) τ: 
KT m KT 4 ا‎ 


869 


561 


862 


867 


86^ 


۱ 


-) و) بت 0 νο)‏ 


O 
re 


t 


937 
938 
939 
940 
941 
942 


-943 


944 
945 
946 
947 
$48 


-949 


950 
953 
$52 
953 
954 


955 


956 
957 
958 
959 
940 
$51 
962 
963 
964 
965 
946 


—967 


9^8 
962 
971 
97) 
272 


σης 


374 
$75 
975 
977 
976 


922 
983 
934 
9Rc 
GAG 
987 
$88 
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REPAIR PARTS MANAGEMENT SIMULATION 


TO 930 


7 ٥ 

« PRISSM 
PPM 

/ CPRDM 
/^ ا٣‎ 

« PUIOTM 
۲۰٥ 

/^ CPUDM 
CURDW 
WISS 

« CYRDW E 


IFOCISDE.25) GA 
NPER = NPER è 1 
ABC = NPER 

PREFFM e PRISSM 
CRISSM z CRLSSM 
CPRDM s CPRDM" 4 
CREFFM s CRISSM 
PUFFFM = PUINT™M 
CUTOTM = CUTDTM 
CPUDM s CPUDM < 
CUFFFM =< ٣۷۷ 
PREFFW r WISS / 
CWISS * CWISS + 
CCURDW z CCUPDY 


CREFFY ς SWISS 7 CCURDM 


CURDF 
ETS 
CURDE 


PREFFE = ESS 2 
ο ο ο SS + 
CCURDE ۶۲٢ط‎ 


CHEFFE ο.» 7ر‎ CCURDE 


CAPCz CARC + PRC 


ARC = CARC / ABC 


CPNUC =s CPhUC + PNUC 
ANUC = CPNYS / ABC 
CPYNC = GPTNC © PINC 
AJNG = CPINC sAPC 
CPTRC e CPTRC » 6) 
AT«C e CPTRC - ABC 


ο εσας ΠΡ ΤῸ 997 


60 ۹ ۹۵ 


۲١0۶۷۶۷۱۶۰۶۹۸ ۵‏ ھ۸۷۶م 


GO TO 559 
CONTINUE 


FAVSsPLT# (4, eAMGRP) SDEMFOR.PSL es SF 6CON. FL Tanapa. ۴۷۲ح‎ ۷۸۵۸۸۲8]. ۹٤ 


IS 


COS ΗΕ 


CAUSE = PAWS 6 CANS 


(3C + * UNPRN 


+ PTNC » FTRC 


AVS = ( CAWS / 


ATC e ARC α ANIC + ATNC e ATAC 


"PTC FRC è PNIIC 
A s ٥٥ 

ΠΟ 956 ΝΡ = 4,53 
DO SNAG NRA = 9,4 


IF C8OGF("NP,NRY4. G5, 1,0)G0 T^ 555 


GO TO 90^ 
A = A+ 1.5 


THFM © THEM + BOQFtNP NQ) 


TNBN (NP ANG) .. 
TIMOIF 


+ TIF AP 


TIMDIF zT!*f 

Τ ΕΠΕ πι + 
ONT NUE 

JA = TA ὁ £ 
CTIEMP = CTIEMP 


ir éTA.FQ.O.0) GO TO 921 


907 


098 


959 


91% 


956 


959 
990 
991 
992 
993 
994 
995 
994 
997 
99A 
999 
4000 
1001 
1092 
4003 
1014 
1095 
1096 
1007 
1008 
10^9 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 


1018 


Nott 


4020 
4024 
1022 
1023 
1024 
4025 
107% 
1077 
1028 
1079 
10230 
1031 
1032 
1033 
1034 
1035 
1036 
4537 
4038 
1039 
1040 
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REPAIR PARTS MANAGEMENT SIMULATION 


CAV80G z CTIEMP Y YA 
GO TO 922 
CAVR^G e 0,0 
CONTINUE 
IF tNPER, NE, ("PFR/S56n3*50) G0 TO 910 


WwRITE(^,1070)NPER,CREFFM,CUEFFM,CRFFFW,CREFFF,ARC,ANUC,LATNC,ATPC, 


ΕΠ ۶ ۶)۶ πι 


1115 : 

FOPMATIt1H0O0, 2X, IR,F9.5, ,F9.,5,F9,5,F9,5,F40.2,F9.2,F9.2,F9,2,F1n.?5 
CONTINUE 

APER = NPER 

IFtAPER,LT.P?R) 60 T^ 93n 

J e NS 4 

¥(J, 1) = PREFFM 4 4^0, 

Y(J;2 ) =PIJErF H ^ 100, 

YUJ, 5 ) s CRFFFM ο, 160, 

γκο yC UE r run. 100; 

Y(J, 5) * TBFM^ 

۶)۶" Pie 

vy ۳  َ ΟΗΜ 

Yt) ox OE VH 

y(J 9 y = PREFFW © 119, 

V( JINO = (me sp) 

vV(Ja 13132 3 CUBDW 

Y(Jı12) zulss 

YC.!ll 1S) 2 ROSY 

v(J á = Πης 

Y(J,15) 2 PREFFE œ ۰ 

Yv( J4 "ھ4 66ت‎ ۳ 

77۴ ول )۷ 

γκο το. ag ESS 

Υέόν 15) > ROFE 

γι στο. = [HE 

MIU -. = Suen 

γί τα =x SUPE 

Y (uN SUSE 

κος ο) SUSO 

YO πι 

γινετε. 8 8ٰ ۹ 

χω ST 

Y(J)2) s TORBCFM + PSL 

το ο = Tener PSL » FLY ھ‎ 8:۶۴ 
¥(J,4) |= RSL 

JS) = RSL = TOBOFM + PLY * DEYFOR 
X(J A 

*(.,7) z OHN + DIFC 

Y(CJ,P23) z OdM پ‎ DUFT « NUFR 

Y(J,9* = Ohr e DFO + DUFR (ΑΔ ΗΜΗΒ)ο(ἀΑλομββίο 
Yt. A 

*(Ji131* = ANUT 

κι ANS 

kCJ CE AO 

x (J a TO E 


vet 
922 


1070 
940 


1041 
4042 
1043 
1044 
4045 
1046 
1047 
1048 
1049 
1050 
1051 
105? 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1040 
1044 
4042 
4043 
4064 
A065 
1046 
1047 
1048 
10459 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1081 
10^? 
1083 
1084 
1085 
10^6 
1087 
1088 
4089 
1090 
1091 
109? 
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-- ο - 


--- - 


SriwTe CURDEM 


+ 


G^ TO 1056 


AWS a 

PRC 

PNUC 

PINC 

PTRC 

PTC 

PLT s DEMFOR 
TOROFM 

RLY è DEMFOR 
DUFC 

nur R 

RER 


»REC 


0 


n 
(i 
n 


n. 


0,0 
N 


χί4ι 153) 
Y(J4,16) 
XY CJíA 17) 
Y(Ji 18?) 
X(J1 19) 
x(J120) 
Y(J4,?21) 
Y(J4, 22) 
X(J, 23) 
X(J4,24) 
X(J 25) 
Χ(ό, 26) 
X (J412?7) 


CONTINUE 
0.0 


YBFM a 
PTRO = 
ΡΥΝΟ =: 
PRO s 0 


PNUC e 6 ϐ 
PRISSM 3 9,9 


C c 


n 
0 
0 


e 


δι 
bd. 


A 
t 6 


oo Oe 


WISS af 
FIEL » 
PRIM 2 
PUDM sz 
FEND a 
CORDE s 
CuRLUW e 


PUTES UM 2 0,5 


fi 


PER 


TIME ο TN?&£ 


۹ 
ν 
9 
0 
8 


ee 


PAYS w 


REG = 0,5 


of 


PER = ñ 


SURR s 6,0 


0 
0 
n 
0 


SURDE 
SuaDw 
D 


.2 - 
وھ 1 


YMSu i15) 


GO YO 151 


EVENT ta TIME NEXT MAIN SUPPLY POINT NEXAND UFDATE 


CONTINUE 

DEMFOR ες (4 ,ñn=SMN11a Deur Gn 
CURUE a 0,9 

AFODE = t(AMODE ο ٥٢٦808 ۷(۹ 


- AMDDH < ¿AMODS ο CURDMW) 42,4 


ΓΗΣ ΠῚ 


6٣۷٣3 + 3.0 
CUSEMW æ ٤ 
TIME s 


e A 


004 6400 


13111 - 


4093 
1094 
1095 
1096 
1097 
1098 

-4099 
1190 
1101 
1102 
1103 
tins 

- ۹5 
116 
4197 
4148 
Dub 
1110 


! 


1112 

"DOR 

1114 

1115 

1116 
54117 
1118 
111? 
1120 
1124 
1122 
1123 
4124 
1125 
1126 
4127 
4128 
1129 
1136 
1151 
1132 
1133 
1134 


ος. 


1136 
1137 
1138 
4139 
1140 
- 1141 
1142 
1143 
1144 
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EIAS --——-—— ISA e TIME ¢ TANDUR m کس تج ےھ و ھت مج سو حم‎ 
4146 PSL = DEMFOR *(TNRR Y 30,0) » AJP 
1747 RSL e DEMFOR «(tTNRR Y 30,0) » AJR 
1148 Go TN 451 
- $149 C : 
1150 C 
—20151————.-** پبںو‎ NES 11-11-8 ee ee 
1052 C 
1153 C 
1154 1090 CONTINUE 
1155 DINI? NP ^ 1,20 
1156 SCALETONP) = TEMPTENP) 
157 | - SCALERUNP) z TEMPBINP) NN S ee 
4158 1037 CONTINUE 
go SO* s (SCALET(*Ói1 y> SCALFB IN 1))/5h,^ 
11^0 SPP z (SCALET(ON2 je SCALEBION2 yy/5n,"n 
1101 MÀ s 1 
4162 NB « B 
ies. —- HZ =2; E e τ πο 
4164 AINSC4 3 SCALER(N1) 
1165 AINSC2 x= SCALEB(N2 3 
1166 wWaTTEGCA 310^ 2) 
4167 1041: FORMAT:1H3,52Xx,24H+*v* MAIN SUPPLY DATA 03»,/1X, 
11^6 1130H * PERIOD EFFFCT » CUMULA EFFECT » CNN PERIOD = PERIOD 
— 9469 ------- 2DEM + ON HAND = ON HAND = REPAIR RETN « AVG AUF ΠΕ + SURVY * SIIRYY 
1170 KT ος / Τσ, 1290131 PERIOD « REGM »a UNITS « RFZN ar UNITS € BACKORDERS » 
11713 4 IN UNITS = NEW » REPAIR >è  PFRIOC e BACKORDERS » DEM 
1172 94 REP =*,) I 
1174 ϱῦ i69? NP ε 1,100 
1174 VXITE E 00S YNFYUNP,1Y, YUNP, Oy, Y CNPL OG) Y ENEASE V UNES 59 ο. 
——1175 — -- cc$VtNPL7S 4 VUNP 83 UND, 253 Y UNP.22 6S OV TNILPDOSM, YUNP. 21) : 
276 1002 CONTINUE 
1577 1003 FORMAT SX οι ιδιο τοι y EC S Dp οι ολ m mp, poy 
1173 4۹5023 AA SES 
1179 WRITECAL19N43 
1150 £084 POR WAT (This Dora tan MAIN SUPPLY PLOT.7) 
ILE) 1965 CONTINUE τσ. — ji = ae اخ‎ 
1352 : DO IP = 2,100 
1183 LC!P) » BLANK EB d 
11854 1006 CONTINUE 
1155 it!) = EYF = 
2154 L(101) = EYE 
f "ھ2 ہے وم‎ 03 101877 - ο, 
1178 HUINE 354 < Hi 
LA PO 1007 %M™ s NA, NB | ۱ ut ^N 
1190 YUFz (FLGRSTCSLTNE3 8 CCSCALET (MY -SCALEBGUM3 ) 750,0: . SUBLER(MS 
395 YLOWS(FLCORTONL INE 140) * CUCSCALET/^MY-SGALEZ (M) 2/50 ,0 ) ^ SCALED (M) 
1192 DO 1907 IP e 2,100 
COG wu --- -- ee w tB us 4 ee ο ee PPS 
110 ریا ور‎ AMERO ANO TAN NOA CIAO E SON 
- 3195 1007 CONTINUE DM E eu ا‎ - 


1196 IFCHODCONLINE, 5) ,EQ,O) GO TO 1009 
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ORITECA F ODB5 ΠΡ, TE EF 3; 101, 
FORMAT(21X:101A1) 

60 TO 1011 

ALINE € NLINF 

S1 ε SP4*ALINE +AINSC1 

S2 s SP2 59 ALINE »AINSC2 

WRITEC^6,1010* S1, CLCTIPY), IP = 1,101», S? 
FORMAT(CO5X,F9,3,6Y,101A1,F 8,1 

DO 46512. IP? e 2,100 

Lt1P) = BLANK 


CONTINUE 

CONTINUE 

WRITE(4,1614) 

FORMAT ϱρ IOMA === gS <> = >= 4> > ا‎ 
emer a mew em شک کٹ یٹ کک و‎ en 1/23 X, 
2 » 1010 « 10H2^ 2 LAH ۰ 
3100 1 a {AH50 » 10H6n ı 19475 8 

49 08 ἡ , 949n © 3H10n/^5Y,154 PERIODS s/f} 


| Qm ο ον ΠΠΤ0 1515 

JF6(N7.EG.2y GO YO 1070 

ρου +1, 9 

TF(N7,FQ,4) CO TN 1030 

1٣۶۷۹ ۹ +۵٥ 

CONTINUE 

NA e 9 

HB 2 14 

NZ š 2 

AÍHSCO1 α SCALER(O(N3) 

AINSC2 s SCALEP(NA ) 

Sp = €SCALETINS je SCAURBENS δη. 
SP? * (SCALET(CNA4 )- SCALEB(NA ))450,A 
#R|TE:&,10165 

FORMAT(1Hi,9^X,23H*»* SUR SUPPLY WEST e^ , /1X 


LN 
479 H e EFFECTIVENESS 4. PERI ND > ISSUES «© £ND PFRIO^ s Du 
2 HAND & SURVEYS ا /ر,مھ‎ 

379 H PERIOD » PERIND » CUMULA e DEMAND e ON TIME e BACKORDERS a 
4NE% e DEPAND me, 


TG 101P NP = 1,100 
μη ΤτΕ 4; 37 VOTO VCORE 1D SENE IN DS 


۹)۶ +++ھ‎ ٦ 


FORMAT(SY,T4,S5X,F7,34,2Y,F7, 3, 5Y,F6,0. 1Y,F 7,0, 4X «F6.2» 5X, FS. 0 ۰ 


167,03 


CONTINUE 

Μπ ΤΕ ιδ, τς ο) 

SUB SIIPPLY WEST, 2)‏ ۱۸۳و ل53 ۳۸ں )۸۵۲ ئ۲0 
β0 το ους‏ 

CONTINUE 

NA FE 15 

Nd a ZN 

NZ = 3 

AINSC1 se SCALER ONS) 

AINSC2 2 SCALEBIMÓ ) 


10n8 


1009 


1010 
1011 


1042 
1013 


1014 


10815 


1016 


1017 
1618 
10149 


1020 


1197 
1198 
1199 
12n0 
t2^1 
4252 
1205 
1204 
1205 
12^6 
1207 
1298 
1909 
1210 
1211 
1212 
1213 
1214 
4215 
1216 
1217 
4218 
1219 
4220 
022} 
4222 
4223 
4224 
4225 
4226 
1227 
1228 
$229 
1230 
1231 
4232 
4233 
1234 
1235 
1236 
1257 
1238 
1239 
1245 
1241 
4242 
«243 
4244 
1245 
1246 
4247 
1243 


t 
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SPI )"ھ۸ 5 ۰۰۲٭-‎ ۶۹۹۷۶ ON 

SP? x ISCALETUNDEYS SCALEBONS ۰ //)ٔ8 68 

uRITF(A,1021) 

FORMATt1H4,54X,2'1H*** SUR SUPPLY EAST »»s*,/1X, 

179 »AEERBEECTIVENESS æ PERIOD » ISSUES « END PERTOD = AN 


2 HAND * SURVEYS 8,/1X, 
379 M PERIOD # PERIOD * CuMiiLA * DEMAND = ON TIME e RACKORDEFRS a 


anew e DEMAND #,) 

DO 1123 NP s $,10n 
WRITF(^,1022YNP, YUUP 15) , YUNP 163, Y UNP17 ) , YUNP 1583 , YUNP, 19), 
1Y(NP,20 3, YtENP,23) 

FORMAT CIE BA GAS N GET SON ET BEIN ZERO S 2, 34, E75 2 AI EB, 2,5%, 8, 2,3%, 
{EZ ο 

CONTINUE 

wRITE(6,1024) 

FORMAT(4H41,53X,16H SUB SIIPPLY EAST, Z7) 

NO TA ۹۶+ 
CONTINUE 
NA z 1 

NZ 2 4 

NB 2 9 

PO 102% AP 
SCALFT CIP) 
SCALFBIIP) 
CONTINUE 
AINSC4 = SCALER(N7) 

AINSC2 =- SC^LER(NB) 

SPI s (SGCAELETUNT. 39S 1, 11 ٥١ 

SP? 2 (SCALET(NA 7 SCALEBDIVA 37565. ^ 

να (le 027 

FORMAT(*H4,4^X,3^5H*«* . REORDER POINT PRESENTATION ...,/14X, 


1,15 
Τι ΓΙ; 
Υ5ΟΑΒΙ]Ρ) 


H # ευ 


1151» se PROCURMT a BACXORDER s PLT w « PROCUR"T e REPAIR 
2* FL? 4 ھی‎ REPAIR 5 DIJE ® Duc « ON HAND = REC œ RFC 
3jÚ اار+<‎ 


an3nH PERIOD e SAFE LEV + FILE MAIN » DENTOR » RENRD PT æ SAFF LEV 
Se DeMFOR z RFGPD PT è CONTRACT « REPAIR » MAIN ء۲۸٣7‎ 


8. “τ 


DO 1٠29 ۱ء۶‎ (۸۹ 

WRITE(G6,1028)NP, Y(NP, 1. ), T tN4P,5), Y'NP,215; »X(QNP 43 ,Y UINP 4 ) ,X(ONP ,?3 
1) XCNP,S), XY (UNP,0O4 ) . XYCNP,25h 5; YENP ہے‎ -.Y(UIP,O^3, X CNP,279 
FORMAT(3¥,14,4¥,F 7.2357, FF oe το, SINE Pe 3.57, 202%, ο ο”. 


1021 


1323 
1025 
4024 


1025 


1026 


10727 - 


` 1fF7.2 15% ,F7,25>3Y, 6.2 32 r 2 S 6,٦ 


CONTINUE 

DO NOG NG E 

DO $636 NP z 1,400 

Y(NP,NA^2) s X(tNP.NQ) 

CONTINUE 

WRITE(6, 1054) 

FORMAT(1H41,4^5X, 5^H5** REQRUER PNING PIESENTATI Or 92,7) 
CO TO 1505 
CONTINUE 
NA ۷ 


4249 
4250 
1251 
1252 
1253 
1254 
1255 
1256 
4257 
4258 
4259 
1240 
426: 
1207 
4243 
4244 
4265 
1266 
1267 
1218 
1249 
127n 
1271 
4272 
1273 
1274 
1275 
1276 
1277 
4276 
4279 
4980 
1271 
1282 
1283 
4284 
1285 
{οδό 
4257 
4288 
1289 
1290 
1291 
4292 
4293 
1294 
1295 
1296 
4297 
1298 
1299 
1302 





REPAIR PARTS MANAGEMENT SIMULATION 


MB 845 

NZ = 5 

AINSCi =z SCALER(N9) 

AINSC2 s SCALER(N10) 

SP4 = (SCALET(N9 )« SCALFB(IN9 )5/50,n 

SP? « (SCALET(N{nN)= SCALEB(N10))/51,0 

WRITE(6,1031) 3 - i ہت‎ 
FORMAT4H1,53X,292H»** COST DATA κ.κ, 
111RH * REPAIR COST + NEW HNIT COST & TRANS COST NEU 
2 * TRANS COST REPAIR» TOTAL COST + INVESTMENT #,/1% 
3118H PERIOD + PERIND e AVERAGE # PERIOD + AYFRAGF » PERIOD + AVERA 
4GE + PERIOD » AVERAGE «© PERIOD * AVERAGE «s LEVEL *,) 

DO 1133 NP 51,155 Ken d l i 
WRITECO MOS INP RENAL INP LO INPP 
IA (NP 12). XO0NP 6ہ یر ور‎ 13), Y(NP,205),X(NP,14) ,X (8P,15) 
FORMAT C2 p47 S yee ae ο, το ο ALSO CAO RA CASK OE O INS 
IFR, 23 2 X EB 2n Yre 2 E A ο ο. 

CONTINUE 

WRITE CA, 10%5) 

ΕΟΗΠΑΤΙ; ΙΙ EE CONT DATA ...,/) 

60 0 95 

END 


1031 


o ai 
1592 
15N3 
1304 
1305 
1306 

iio 
1358 
4339 
$310 
2511 
1312 

> 1ذ۹ 
1314 
1315 
1316 
4347 
1318 

4349 
4320 
1321 
4322 
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ΕΙΣ 
INPUT DATA VALUES 





1د 


a ii: : = INPUT DATA 
TEST NUMBER 4 (KOUNST)>) 
| TEM 
NOMENCLATURE - SERVO AMP (Aq,A2,A3,44) 
WEITGHT(PACKAGED) - 300,0N (WEIGHT) 
CyRE¢PACKAGEDy = 410.00 (CUBE) 
—--~-—-— PRODUCTION LFANTIME (MEAN IN MONTHS) 42,00 ¢TMUL1) ' ' د س‎ 
PRODUCTION LEADTIME(1 STD, DFV, IN MANTHS) 1.50 ¢5D11) 
-- -- PROCUREMENT UNIT PRICE - 200.00 (UNPRNY 
PROCUREMENT SAFETY LEVEL snEMFORsI(ITNRR /3nñn)ysAJPIPSL) 
E PROCUREMENT SAFETY LEVEL ADJUSTMENT 4,00 (AJP) 
SYSTEM DISCRIPTION, 


E —rOCATIONSS MAIN SUPPLY -NORFOLK,VA ` - - ) )ئ1۸ ر ۵۸۸7۸7 ر۸5‎ 
SUB SUPPLY WEST =PEARL HARBOR (A9,A410,A114 ^12) 
SUB SUPPLY FAST -SAN PEDRA , CALIF (A13,A14.A1504196) 
REPAIR FACILITY -LONDON £A17,418,A419,AÀ201 
- NEW MATERIAL MOVEMENTS 
FROM το MEAN(DAYS) {STC DEV COST TRANS 
—-—- REPAIR "ھ0‎ 6 ٤0 3.00 2¿(5D5)s 18,75 /(UTOSS5S) : ۲ غ۴‎ 
MAIN WEST 32.00 7٦ ος ΕΙ 22,20 7LUTEN?) SURFACE 
MAIN EAST 25,00 /'TMUB) 3,00 280%) 15,350 /tUTCNB) SURFACE 
REPATRASLE MaTFRIAL MOVEMENTS 
EAST MAIN 2,00 /tUTHU9) 4.00 {559} 45,90 /tUTCR9) AIR 
WEST MAIN 2.060 ^/:TMI!6) 1,09 ^t8D^) 99,00 /'UTCRÓ) AIR 
MAIN REPAIR 26,60 »:Ττηϊ4ν 30h /:S04) 18,75 ευ τς] SURFACE 


REPAIR DATA 
ACTUAL PERCENT RETURSEN FOR REPATR = 0,25% (RR) 
PREDICTED PERCENT RETUPNED FOR RETAIL > 0,99 (BP) 
ACTUAL PERCENT SURVIVING REPALH = 5.27 (AAS 
PREDICTED PERCENT SURVIVING REPAIR = 9,99 (AP) 
--- COST TO REPAiR(PFACEP"? OF COST OF MEM ITEM) - n,.50  (CPRCPY 
MEAN TIME ΙΝ BAYS TORRETA NOS 77 
ONF STANDAEKD DEVIATION IN REPAIR TIME - ٤,۷۸۹ αυ ο) 
REPAIR LEANTI SS (MEAM [iv REPAIR +Q TMUS >» TMUI4$5 = 6.ONERLT) 
REPAIR SAFrt¥¥ LEVSL »DFMFOS«tTNRPR/30)5AJO (PSU); 
REPAIR ے ۱۴۷ ۱ح ۵۶ج‎ ۷۰ Μαν "١ ει 
--—- DEMAND DATA Lo => E 
FAST = Ὁ ἤδη “Fan TIME AFTVEEN DEMANTS € THUS 7 
“nd? 1 57. DEV, Die eee) S (5.97?) 
FAST x lras MEIN TIME BEINEEN DEMANDSTTMUIND 
1,030 1 STD, PEV, IN Davz 2ETLEEN DEMANDS:ST13) 
EAST 3,10% MEAN TIME BFTVEFN ΠΕήΑλΓΠς μυ) 
icd M Ee ci Lea 1 STD, DEV, 1" DAYS BFETWERN DEMANNSISTA1A) 


se 


SYSTEM PARAMETERS 
COST TO CARIER > 25.00. “(nRDCT) 
COST TO *'OLGSFERCENT OF UNIT PRIE 31357500 rd PR 
DEMAND S CATRING FIGHT S $0.26 sen 
— ———-— REQUIREM^w1S RFVIEN EVE ah. p YS INRA) : : = == 
PERIOD R*'VIEw FVERY 10, DAYSC(TNPR) 
== 2 MAIN CG EE TO ANO UPDATE DAYS (TNDUP> 
SIMULATIO. P^-CORDS FOR 555. PERIOnc POR) 
της {151 1Εε ٠ ھ2‎ ۲۲۱۷٢۷ ٦٠۶۶۰۱۰) ص‎ ٤+ 
RANDOM NUMPEO SEWERAIOH ISITIALIZED vaA' 5StI) 1234567803 


— ححدہ ححہ‎ — um. nn - -- - - . - - ----- - _— — = — —— —— — سے‎ ---- —— = o s= 
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APPENDIX D 
SAMPLE OF TYPICAL OUTPUT 
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